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KARATHANE controls powdery mildews on fruits, cucurbits, ornamentals 


What other mildews can KARATHANE control? 


Frankly, we don’t have all the answers. 
We invite phytopathologists and other 
scientists to obtain some of the information 
by including KaARATHANE in their re- 
search programs. 


We know this much: In only two years 
of commercial use KARATHANE WD has 
won world-wide acceptance for powdery 
mildew control. It has brought severe out- 
breaks under control in apple areas of 
this country. It is now successfully com- 
batting powdery 


mildew on pears, 


KARATHANE is a 
Pat. Off. and in prir 


e-mark, Reg. U.S. 


foreign countries. 











cucurbits, peaches, cotton, tobacco, roses, 
either in the United States or overseas. 


Since KARATHANE has proven so effec- 
tive in controlling representative species 
of powdery mildew you will want to in- 
clude it whenever you look into powdery 
mildew control. 


KARATHANE is an unusual pesticide. It 
is one of the few commercially available 
fungicides which also controls certain 
species of mites. 
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DONALD REDDICK, 


1883-195: 


L. C. Peterson and D. S. Welch 


Donald Reddick, Emeritus Professor of Plant Pathol- 
ogy, Cornell University, died in Gainesville, Florida on 


April 2, 1955. 
Dr. Reddick was born in Sheridan, Missouri, on 
March 1, 1883. In 1905 he received the A.B. degree 
from Wabash College. In the fall of that 
entered Cornell University and was granted the degree 
of Ph.D. in 1909. 

Dr. Reddick was employed Cornell 
Assistant in Botany and later first 
in the newly established Department of Plant Pathol- 
ogy. He was made Assistant 1909, Pro- 
fessor in 1911, and upon his retirement on December 
31, 1950, Emeritus Professor. 


year he 


first 
Instructor 


at 
as the 


as 


an 


Professor in 


At Cornell his first duties included the teaching of 
graduate courses in and plant 
In 1917 he discontinued teaching and began the work 
he liked the best 


in plant pathology. 


mycology pathology. 


research on fundamental problems 


Dr. Reddick’s early contributions arose from studies 
on fruit his studies on black-rot of 
have remained to date the outstanding work on this 
disease. He developed effective practices in the use of 


diseases; grapes 


fungicides in dust form and is credited with beginning 
the development of modern methods for the laboratory 
He made significant addi- 
to our knowledge of of beans and 
potatoes. He best known for work late 
blight of potatoes and for the breeding of potatoes 
resistant to this disease. In 1930, he conducted a plant 


analysis of new fungicides. 
tions diseases 


his on 


Is 


exploration trip to Mexico, where he collected wild 
species with resistance or immunity to Phytophthora 
infestans. These were used in an extensive breeding 
program. Long and painstaking effort resulted in the 
production of several varieties of potatoes in which 
were combined good horticultural qualities and re- 
sistance to blight. 

Dr. Reddick among those instrumental 
bringing about the recognition in this country of plant 
pathology as a science. He was a founding member of 
the American Phytopathological Society. He 
the Society as the first Business Manager of Puyto 
PATHOLOGY, as Editor (1915-1918), 
(1919), and as President (1920). ‘tive 
in the launching of Botanical Abstracts, serving for 
two years as Chairman of its Board of Control and 
editor for plant pathology. 


was in 


served 
as Councilor 


He also was a 


Among the honors that came to Dr. Reddick was the 
appointment as of the Plant Pathology 
Division of the International Botanical 
1926. He served as Vice President of the International 
Union of Biological Sciences and was for twelve years 


Secretary 


Congress in 


President of its section for pathology. He was a Fellow 
of the American for the Advancement of 
Science and served on its council fer eight years. He 


(46: 


Association 


PHYTOPATHOLOGY for May 


») 


1 


DONALD REDDICK 


683-1955 


was a member of the Society of American Naturalists, 
Botanical Society of America, Canadian Phytopath- 
ological Society, American Association of University 
Alpha, and Sigma Xi, a corre- 
sponding member of Nederlandsche Botanische Vere- 
and a life member of Société Linnéenne de 


Professors, Gamma 
eniging. 
Lyon. 

Dr. Reddick’s scientific achievements were specifi- 
cally recognized by citations for meritorious work by 
the Empire State Potato Club, the Potato Association 
of America, the Canadian Phytopathological 
Society. 

In 1909 Dr. Reddick to Miss Emma 
Brill, who died in 1943. The children of this marriage 
are a Robert of Ithaca, New York, and two 
daughters, Emma Louise Thompson, Detroit, Michigan, 
and Anna Elizabeth Dounce, Rochester, New York. 
In 1946 Dr. Reddick married Miss Adeline Newman, 
who survives him. 


and 


was married 


son 


The personal character of Dr. Reddick was reflected 
in his research work. His qualities of absolute honesty, 
his attention to detail, and his high standards were 
combined with clarity of vision to result in attainments 
of the highest order. The part that he played in the 
development and progress of plant pathology is a 
lasting monument to his life and work. 
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PHYSIOLOGIC: SPECIALIZATION IN) COLLETOTRICHUM LINICOLUM ! 


Ek. A. Sechwinghamer 7 


sStMMARY 


omprised 


Isolates of ¢ 


disease reaction in only one (C.1. 1247) of the 


many cultural types. some of which were cultural — differential varieties. 
variants. The changes in cultural characteristics With the exception of Crystal. flax varieties grown 
re omn ied bh » loss ne : : 
o accompanied by a | in virulence iol commercially in the United States proved to be 
ium soll te erature tor seediing blight . ES - 
Re optin perature an soil unsatisfactory for differentiating pathogenic races, 
ax was 25—30°C, but the differential response é 
Oo x | Six varieties, representing different levels of resist- 
between varieties ¥ ost pronounced at a sub- i . : : 
ance, were selected as differentials in a screening 
optimum temperat bout 15°¢ “ ; fee, 
: : test of 650 entries of the world collection. These 
Inoculation of flax seedlings in the cotyledonary CL? p ‘1 355 
. Vi . S ‘re y. | é ) $5: { 
eli ie a ane ension provided the simplest varietic were Cl. 2 unjab), C, - Joo Ottawa 
770B). C.l. 836 (Leona). C.I. 1016, C.1. 1235. and 


isolates for 


and most selective ethod of testing 

oo asso i e best results were obtained with ©. 1247. By means of these differentials, 42 mon- 
hee fallow 1 suspension of approxi oconidial isolates of C. linicolum were identified as 
mately 150 spores 1 24-hour exposure in > distinct pathogenic races. On the basis of minor 
the moist chambe "| ind a greenhouse differences, these races were further separable into 
temperature of 60 \ the plants affected the subraces. 





The anthracnose dise f flax. caused by Colleto 


strates the occurrence of physiologic specialization 


trichum linicolum Pethyb. & Laff... occurs in most of in C. linicolum. 
the major flax-groy the world. The prev- MATERIALS AND METHODS.-—Forty-two monoconidial 
alence and destructive if this disease are depend- isolates of C. linicolum were used. These were obtained 


lax variety 


f 


ent on the ext 


as follows 30 from Minnesota. 5 from Wisconsin. 1 


and on moist. hu | seasons. The unusual from California, 3 from Argentina, 2 from Germany. 
, severity of anthra (se Pu ib flax in the Imperial and l trom Ireland. The Minnesota and Wisconsin 
j Valley of Califor 140-41 was due to such a isolates were obtained over a 4-year period from 
‘ combination of condi | In the seed-flax pro diseased flax seed and seedling samples from the main 
* ducing areas of the D Minnesota, Wisconsin, flax-producing areas of these states. 
I and lowa, ¢ " ly associated with Phe available portion of the flax world collection 
é seedling blight ns f Minnesota flax fields, (650 entries) was used in pathogenicity tests with 3 
Hf the prevalence of the | is in seed ranged from a jsolates. Six differential varieties were ultimately 
‘s trace to OU per ct t severity being usually selected to establish pathogenic races, based on the 
, correlated with the erage annual rainfall for the following seedling infection types (Fig. 1): 
M ast gt in ; , Resistant (R). Cotvledons and hypocotyls free oft 
The seedling | nt Pee Sees Can Oe One lesions or with very small. dark lesions, less than 





trolled by seed treatment ) \ irving degrees ot 
; 1 mm in diameter 
varieta resistance ive Deel aemonstrated. 
‘ 2 Voderately resistant (MR). Lesions (on cotvledons 
although disease rati f flax varieties by different : é' ; 
1-2 mm in diameter. with well-defined margins; at 
workers were based tests with only | or a tew ' 
; first dark gray. later becoming tan. Cankers absent 
iwolates of the | | ‘ ( nflicting results some 
from hypocotyls or, if present. dark colored. oval 
times obt immed t ! ested pathogenic variation . 
shaped. sharply restricted. 
(4. 6). but experiment ‘ lence for thre existence . 
: ; : Voderately susceptible (MS) Lesions (on cotvl- 
ot pathogeni races t een reported his pape : 
edons) 3 mm or more in diameter. eventually 
presents the results vestigation that demon- 
coalescing to envelop entire leaf: dark gray. with- 
out sharply outlined margin. Cankers on hypo- 
I ed 1) 
Accepted cotvl elongate. orange-brown: seedlings killed 
Portion ot a thesis { ~ | ni 
under severe conditions. 
versity of Minnesota partial tulhilment : & require : ji ’ 
widen Gre thin ; f Doctor of Philosor Min work Susceptible (S). Lesions of unrestricted size on 
was begun at t ly t of Minnesota. St. Paul. and both cotvledons and hypocotyls. coalescing to pro- 
complete 1 at Nor Dakota Agr itura Experiment duce rapid death at seedlings. 
Station, Farg Pay N 168 Scientif Journal Series, : y j 
University of M \ ral Experiment Si Although lesions on both cotyledons and hypocotyls 
2 Formerly Pat! Crops Resea ic] were considered in determining infection types. more 
vy | tesearc! _ epartme! 0 f . 
Agricultural R LU. S. Depar t of Agri emphasis was placed on the former because of greater 
culture. North Dak i \ tura Experiment Station fey tv u lj tril utl n 
2 iniforn stribution. 
Now with the RB . Rr L \ l mi 1 ¢ 


Laboratory, Upt 


Inoculum used in the pathogenicity tests was grown 


iM) 





n 
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I t tion types produced flax seedlings y &, 
s s ypocoty inkers \ Resista R) B) moderat 
D) sus ile «S) 
ol potato-de xtrose agatl I i! thre case ol sparsely 
sporulating isolates. on low-nutrient potato-de xtrose 
broth. A water-spore suspension of approximately 150 
spores/cu. mm was sprayed mn week-old flax seedlings 


Gelatin, as a detergent. was used only in adult plant 


oculatior Phe inoculated seedlings were left 

the moist chamber for 24 hours at 70°F and then 

transferred to a greenhouse room where a temperature 
60-65°F was maintained. Infection types were 

recorded 5 days after inoculatior The race classifica- 

tion tot each isolate was based on a minimum of 3 

separate experiments, each involving inoculatir of 

) 


20—40 seedlings. depending ol the imount if seed 
ivailable for each differential variety 


Other methods of inoculation were attempted. In 


| method the seedlings were rown on pape! 


ind inoculated by immersion in a water-spore suspen- 





— 


Cc 0 


inicolum., lop to bottom Seedling symptoms, cotyledon 
ely resistant MR); €) moderately susceptible (MS); 
sion (5). In inother procedure the seeds were planted 
in steamed soil, and the inoculum was poured over the 
soil The dise is reaction in this cast was based on 


the percentage of blighted seedlings 

\ Wisconsin-type soil-temperature tank (2) and the 
soil infestation method were used for the experiments 
concerning the effects of soil temperature on the de- 
velopment of seedling blight. Seedling blight in 2 
varieties was measured at 5 temperatures, ea h tem per- 
iture treatment comprising 3 replic ites and 1 check. 

\ study of factors affecting the disease infection 
types in race classification was designed to measure 
the independent effects and the interactions of the 
following: spore concentration (75, 250, and 800 


spores/cu. mm); length of time the inoculated plants 
were left in the moist chambers (24, 36. and 48 
hours); greenhouse temperatures during the incuba- 
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Fic. 2. Monoconidia ) ral forms of C. 


in culture at lower 


tion period (65° and 75°] [he spore concentration 
in this experiment was determined with a counting 
chamber. In the race identification work, a practical 
degree oft accuracy pore concentration of different 


isolates was attained isual turbidity comparison 


with a standard suspe1 of 150 spores/cu. mm. 


EXPERIMENTAL RESULTS Cultural types. Phe 
isolates of C. linicolum differed widely in cultural 
characteristics (Fig. 2), although the orange mycelial- 
conidial type was cle the most representative for 
the species. Mycelial color, marginal zonation, rate of 
growth, and mycelial growth versus sporulation were 


the most conspi lifferentiating cultural charac- 
ters. 
sectors, appear isually as white appressed my- 


celial types, occurred oce sionally in some of the 


isolates. In these variants’ the sparse sporulation 
character was associated with a loss in pathogenicity. 
It was also evident that cultural and pathogeni 
variants arose most frequently in old, stale cultures. 
Most of the isolates sur ed numerous transfers over 
a period of several years without manifesting any 
detectable change ir ltural or pathogenic characters. 

Methods of see ng u ilatior Inoculation of flax 


seedlings in the cotyledonary stage by spraying the 
plants with a dilute spore suspension provided the 
simplest and most selective method of testing patho- 
genicity, particularly in race differentiation. Soil 
infestation and the blotter technique, as substitute 
methods, proved to be useful in varietal tests involving 


a larger number plants, thereby facilitating statis- 


tical analysis. The blotter technique was useful for 
preliminary laboratory tests, but the limited cotyledon 
development of blotte: rwwn seedlings rendered it 


undesirable for accurate ithogenic race classification. 


um grown on potato-dextrose agar. Typical mycelial sector appears 


Factors affecting pathogenicity tests.—Temperature 
had a marked effect on the pathogenicity of the fungus 
(Fig. 3). Seedling blight (damping-off) reached a 
maximum at a soil temperature of 25-30°C but was 
almost completely inhibited at 35°C. The differential 
response of Punjab and B-5128 was most pronounced 
at a suboptimum temperature of 15°C. The tempera- 
ture curve for development on the host closely paral- 
leled the temperature curve for culture growth. 

In tests involving inoculation of cotyledons, a spore 
concentration of approximately 150 spores/cu. mm, a 
24-hour exposure in the moist chamber (at 70°F), and 
a greenhouse temperature of 60°F gave the best results. 
Partial resistance was masked by a combination of 
the extreme treatments (800 spores/cu. mm, 48-hour 
moist chamber exposure. and 75°F greenhouse temper- 
ature). Moderately resistant differential varieties, for 
example, appeared moderately susceptible under such 
conditions and thus affected the race classification of 
the isolate concerned. The resistant reaction type was 
not materially affected by increasingly severe treat- 
ments, 

The effect of age of the plant on the disease reaction 
was determined in a comparison of seedling and adult 
plant reactions. There was close agreement between 
the cotyledon and true leaf reactions on all the 
differential varieties except C.l. 1247. This variety 
manifested increased resistance in the adult plant 
stage. This was also apparent on cotyledons of the 
C.1. 1247 seedlings inoculated in the full cotyledonary 
stage, the 2-4 leaf stage, and the 4-6 leaf stage. 
An inoculum that gave a moderately susceptible coty- 
ledon reaction on the young seedlings gave a moder- 
ately resistant reaction on the oldest ones. Subsequent 
race studies were therefore based entirely on seedlings 


irs 


June, 1956 
























T T T T ST Z 100 T T T T T v T 
Pd a-7~ —— 
al _—_* 
= id a ae a = Ps —_ 
ol 
; ° 
Bo} 4 —--—— 4 = 80}— _o 
43 : - 
& f h 7 
— a e 
= ° / / ° .. = = 25°C 20°c / 30°C y 
. / . ‘ - nN fem 
/ / / s u ’ £ 
- q , F w& / os 
3 60 — ~s “ae ° 60 - —s—2® 
3 Re J? : ° J 74 - 
. a r 
& / ; a 7 - tf / 
3 r - 4 . aie oe bg J 7 
a aa Fore sa 
Zz asc] 30°C zo*c 35°C LIS > 4 a : 
\ + = i . ; 
5 40h a themes, Smee ‘. Oo 40 4 am ass, 
ro V / ‘ ; . e f ° 
rm a . 735% Isc + 
a , / J ° a he 4 
/ / ’ F a , 
— / 4 ae —-f a . 4 bi ont 
/ ; 4 a P Yd / . 
; : e, ; 
/ } ot °o tilt. 3 a 
oo = ae y~ ns 20 saat nia PSs a | a” ws 7 
. a , . 
o / “< 4 / , 
; y hg = ad Ss of /’ : “d 
% / .* “a .° re) W, F - 7 
a °” ‘ ull - 
-f{- : , ee vee 
0 . 4 = % as 1 L L eS re) o l aera: me i i i 
= ~ 5 6 ¥ 8 9 2 3 4a 5 6 7 8 9 10 
DAYS AFTER EMERGENCE DAYS AFTER EMERGENCE 
PUNJAB B5i28 
Fic. 3. Effect of soil temperature on seedling blight (damping-off) of 2 flax varieties. The soil was infested with a 


composite of isolate s of "a linicolun 


inoculated in the full cotyledon or 2-leaf stage to 
avoid erroneous classification of isolates due to this 
age effect. 

Selection of differential varieties——Initial attempts 
in differentiating pathogenic races of C. linicolum 
involved the use of commercially grown flax varieties, 
in addition to varieties like C.I. 326 (Buda), C.I. 463, 
and C.I. 1009, which have been reported as resistant 
to anthracnose (6). With a set of varieties selected 
from this group, it was possible to demonstrate quanti- 
tative differences in the percentage of seedling blight 
and to separate the isolates into 3 arbitrary groups 
virulent, moderately pathogenic, and weakly patho- 
genic (7)——-but more than half of the isolates were 
included in the virulent group. Statistically significant 
differences in both greenhouse and field experiments 
were found between the virulent and weakly pathogenic 
isolates, as well as between Punjab and other varieties. 
In general, however, these varieties proved to be 
unsatisfactory as differentials since they failed to 
distinguish among the virulent isolates. The only 
exception was the near-immunity of the variety Crystal 
to virulent isolates from Germany, as contrasted with 
susceptibility to virulent isolates from Minnesota. 

Al] available entries (650) of the world collection 
of flax were screened by inoculating the cotyledons 
with 3 isolates. These isolates, from Minnesota, 
Ireland, and Germany, were chosen in the hope that 
geographical diversity in the source of the pathogen 
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1. Effect at 35°C consisted largely of heat killing. 


might enhance the possibility of a differential response 
in the host. Thirty-three varieties were classified as 
highly resistant or as mixtures containing resistant 
plants; 20 varieties were moderately resistant. Argen- 
tine varieties and hybrids or selections produced in 
the United States predominated in the resistant group, 
whereas all entries from India and Russia were suscep- 
tible. The resistant and moderately resistant varieties 
selected from this test had reacted similarly to the 
3 isolates, but several of these resistant varieties were 
found to be completely susceptible when inoculated 
with a fourth isolate (from Minnesota). A set of 6 
differentials was selected in a series of inoculations 
involving the elimination of unsuitable varieties and 
the addition of more isolates. These differentials and 
their sources were as follows: Punjab, C.I. 20 (India) ; 
Ottawa 770B, C.l. 355 (Canada); C.l. 1016 (Portu- 
gal); Leona, C.I. 836 (North Dakota); C.I. 1247 and 
C.I. 1235 (Argentina). 


Pathogenic races—The results of the pathogenicity 
experiments are summarized in Table 1, which employs 
the 4 reaction classes for a close comparison of the 
degree of varietal resistance or susceptibility. The 
races, however, are based on the inclusive 2-class 
system as shown in the dichotomous analytical key 
of Table 2. As used in the key, “R” includes the R 
and MR reactions whereas “S” includes MS and §S, 
the division line for race differentiation being between 
MR and MS. The varieties Punjab and C.1. 1235 were 
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4: olate i Colletotrichum linicolum on 6 differential flax varieties 


Paste 1.—Pat/ 


Differential variety* and representative disease reaction 


lo ae h race or subr ice 


( 3s es) 
Race 5 eof Number of Cis (Ottawa C.1. 836 
ites Punjab) 770B) C.1. 1016 (Leona) C.I. 1247 C.I. 1235 


ind subr i 


Ger ; 6 MS.S R MR K R K 


-~ \ 

» (a) U.S.A 2 Ss MS MR R.MR R,.MR R 

(b) Ss Ms MS R R R 
s (a) USA | s IR IR R Ms R 

(b) U.S.A Ss MR MS R Ss MR 

(c) U.S.A Ss MS MS R S R.MR 
4 (a) S.A Ss MSS MR MSS R.MR R 

(bh) s A S Ss MS S R R 
> (a) U.S.A Ss MS MR Ms MS R,.MR 

b) \ ; Ss VIS Ms Ms MS MR 

Ci ( ( iccession number, U. S. Department of Agriculture. Variety names are given where known, 

R VIR erately resistant; MS moderately susceptible; S susceptible. MS,S indicates that Pun- 
jab was f to approximately one-half of the isolates of race 1 and susceptible to the other isolates of 
this rac \ plies predominance of the given type. 
omitted in the key because they did not identify any inheritance of the intermediate types of resistance ap- 
races in the system used here but were retained as pears to be more complex. Results of this study will 
differentials because they represented the extremes be published at a later date. 
in susceptibility and tance, respectively The perfect stage of C. linicolum is not known, 

The 42 isolate vere identified as 5 races, 4 of hence the existence of pathogenic variation focuses 
which were s ited by Leona and C.1. 1247. These some attention on the question of how these races orig- 
races were easily dist iishable because the difference inated. In a recent experiment, the susceptible variety 
in host reaction v ecisive. from R to MS or S. and Punjab was heavily inoculated with a composite of all 
vice versa. Four of the races could be further sepa- available isolates to explore the possibility of hetero- 
rated into 9 subraces on Ottawa 770B and C.I. 1016 thallism. The infected plant material was overwin- 
The reactions of these 2 varieties usually differed only tered, but it yielded no evidence of the ascigerous 
from MR to MS stage. Similarly, there was no evidence of perithecial 

Dise USSION | ike 1 nv other tungus species, Col formation when such a composite of spores was 
letotrichum linicolum consists of biotypes that differ in| sprayed on agar media. The frequent occurrence of 
pathogenicit n cultural characters. The cultural variants in old. stale media suggests that 
number of pathoge otypes that can be identified mutations for pathogenicity might similarly originate 
is clearly dependent on the number of isolates, the in senile or dead host tissue. This possibility was not 
number of differentials, and the system of classifica- experimentally exploited. 


tion used. From a practical standpoint however, it Is 


sio } ' t the zolates e etm . > 
ignificant it in. thi tudy could bn ante 2.—Dichotomous analytical key to pathogenic races 
placed in a relatively small number of readily identi- of Colletotrichum linicolum 

fiable races. This fact favors the breeding of flax va- 


Leona, resistant—"R”™ 


tance to the prevalent races of C. lini fest 
C.1. 1247, resistant 


rieties tor resist 


) 1. , e 10 en 
colum. C1. 1235, as already mentioned, wa highly Ottawa 770B. resistant 
resistant to most of tl olates Leona and CI. 1247 C.1. 1016. resistant ] 
reacted reciprocally t solates of 4 of the 5 races. Ottawa 770B, susceptible—“S” 
; ' IED 9 4 
and hybrids of thes varieties might provide resist C.1. 1016, resistant > 
Wot : \ ‘ C.1. 1016, susceptible 2 (b) 
ance to a the isolate exce pt those rom rventina. ( | 1247. susceptible 
Despite this apparently fortuitous situation, it is per Ottawa 770B, resistant 
haps ilso significant that whereas some of the most C.1. 1016, resistant 3 (a) 
° } . el< hile Z { ) 
resistant varieties in the world collection originated in Cl. 1016, uscepubl 3 (b 
\ ; Ottawa 770B, susceptible 
ge he isolates ol ied from that co re . 
rgentina, th la iined trom that country were C.1. 1016, susceptibl 3 (¢) 
also among the most virulent. The problem of inheri- — Leona, susceptible 


C.1. 1247, resistant 

Ottawa 770B, susceptibl: 
é ; C.1. 1016, resistant 
eties. The | nd | progenies were te sted with 1SO- CL. 1016. susceptible 
representing appropriate races. A_ preliminary C.1. 1247, susceptibl: 
Ottawa 770B, susceptible 


; agtaienn (a) 
of resistance found in some of the Argentine varieties C.1. 1016, resistant » \8 
‘. ee 5 (b) 


tance of resistance to ¢ nicolum was investigated in 


a series of crosses made between the differential vari- 


oe 


(a) 


(b) 


_— 


lates 
evaluation of the data indicates that the high degree 


- 


1016. suse eptible 


1s governed by only r 2 tactor pairs whereas the 
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( ultural types were assoc iated to some extent with 
the general level of virulence but not with specific host 
reaction. For this reason the validity of the patho- 
genic races was not significantly affected by the oc- 
currence of cultural mutants that were accompanied 
by a loss in level of virulence. The isolates known to 


he of the mutant type were all included in the most 
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avirulent race group. The other groups were com- 
posed of isolates that generally did not differ greatly 
in cultural form and were not known as mutants. 


DEPARTMENT OF PLANT PATHOLOGY AND BOTANY 
UNIVERSITY OF MINNESOTA 
INSTITUTE OF AGRICULTURE 
St. PAUL, MINNESOTA 
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SEVERAL OAT VARIETIES RESISTANT TO NATURAL INFECTION 
BY LEPTOSPHAERIA AVENARIA! 


R. L. Kiesling and 


J. E. Grafius - 


SUMMARY 


Fortv oat varieties were selected from a total of 
5343 lines of the World Oat Collection for their re- 
sistance to the black-stem and leaf-blotch phases 
of Septoria disease (caused by Leptosphaeria ave- 
naria Weber) under Michigan conditions. These 
selections were tested for 3 years and remained 
highly resistant under conditions of natural infec 
tion. The susceptible check was heavily infected 
during all 3 years. The resistant varieties repre- 


sent a range of maturity dates and agronomic types 
suitable for the Michigan oat-breeding program. 


Resistance to stem and leaf blotch functioned inde- 


pendently in certain varieties. Slight variation in 
disease reactions occurred on some varieties in dif- 
ferent years and areas of the state. but on the 
whole the reactions of the varieties were highly 


consistent. 





The Ss ptoria disease of oats caused by Leptosphae- 
ria avenaria Weber (Septoria avenae Frank) is a wide- 
spread and important oat disease in Michigan. Black 
stem is the most common and important symptom of 
this disease of oats in Michigan. although L. avenaria 
causes a leaf blotch and a kernel blight on oats.*: 4 

Septoria leaf blotch occurs frequently on the leaves 


of susceptible oat varieties, but damage is more severe 


Accepted for publication January 11, 1956. 


Contribution No. 55-11 from the Department of Botany 
ind Plant Pathology. 

\ssistant Professor of Plant Pathology and Associate 
Professor of Farm Crops, respectively. 
Poole, D. D., and H. C. Murphy. 1953. Field reaction 
it varieties to Septoria black stem Agron. Jour. 45 


iV 


1 


‘Si ons, M. D.. and H. C. Murphy. 1952 Kernel 
bught phase of Septoria black stem of oats. U. S. De pt 
Agr. Pl. Dis. Rptr. 36: 448-449 

Weber, G. I 1922. Septoria diseases of cereals. | 
peckled blotch of oats caused by Leptosphaeria. Phyto 
pathology 12: 449-470 


if leaf infection is followed by invasion of the sheath 
and culm tissues and the subsequent development of 
black stem. Kernel blight is more important in the 
processing of oats for food than in the disease cycle.® 4 
Blighted seedlings were grown from infected seed, 
but these blighted seedlings appeared to outgrow the 
seedling phase of the disease.* 

Varietal resistance is reported, but most of the va- 
rieties tested were only moderately resistant to L. 
avenaria.® Therefore, the World Oat Collection was 
examined for new sources of resistance to L. avenaria 
for use in the Michigan oat-breeding program.* Se- 
lection of oat varieties resistant to L. avenaria will per- 


6 Huffman, M. D. 1955. Disease cycle of Septoria dis- 


ease of oats. Pl ytopathology 15: 278-280. 

7 Lund, S., and H. L. Shands. 1955. Seedling infection 
of oats caused by Septoria avenae. Phytopathology 45: 
181-182. 


* This work was started by Dr. K. Frey, formerly of the 
Farm Crops Department, Michigan State University. 
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mit the study of pos iological specialization of 
the pathoger 
MATERIALS AND ME 
rieties were selected the World Oat ¢ 
the U. S. Department Agri rown at East 
Lansing from 1951 t gh 1953. A very susceptible 


line, A 700-17 Andr X Landhafer), was selected 


Black-stem resistant va- 


ollection ot 


laste 1.—React 2 oat varieties to Leptosphaeria 
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Except for A re essiol imbers of 
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Service, | S. Depart Agi 
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for use as a susceptible check variety. In 1954, those 


Septoria-resistant varieties selected in 1953 from the 
World Oat Collection were grown at East Lansing and 
re-evaluated for both black-stem resistance and agro- 
nomic characteristics, i.e., stiff straw, kernel type, and 
maturity date. Forty varieties from the 1954 trials 
were planted in yield trials in the Ingham, Tuscola, 
Lenawee, and Kalamazoo county oat nurseries in 1955, 

Readings of disease severity were taken at compar- 
able stages of host development to avoid confusing late- 
ness with resistance to black stem. Black-stem read- 
ings were taken when the culms were mature and 
straw-colored, and leaf-blotch readings were made just 
after the plants had headed. Readings were based on 
the reaction of all the plants within a 12-ft. row, with 
the scale of readings ranging from 1 (no infection) to 
> (severe infection). 

Resutts.—Heavy natural infections were obtained 
at all locations as is shown by the high leaf- and stem- 
blight readings for the susceptible check (Table 1). 
In contrast, the varieties selected for resistance showed 
consistently lower ratings. Nine of the varieties tested 
from 1953-1955 were very resistant to black stem and 
leaf blotch under Michigan conditions (Table 1 

Susceptibility to leaf blight and black stem fune- 
tioned separately. The variety C.l. 5039 was suscepti- 
ble to leaf blight but highly resistant to black stem 
at all 4 locations. C.I. 5083 and 5031 were resistant 
to leaf blight but susceptible to black stem at several 
locations. In some varieties, leaf lesions occurred at 
the base of the leaf blade and advanced down into the 
leaf sheath, but back stem lesions failed to develop 
under the infected sheath. On these resistant vari- 
ties, leaf blotch was confined to the lower leaves, and 


no lesions developed on the 


upper culm, leaves. or 
panicle. 

Che percentage and severity of the infection by L 
avenaria on some of the resistant varieties varied 
All of the resistant varieties 


tested in 1955 were rated as highly resistant in 1953, 


slightly with the seasons. 


but in 1954 half of these varieties showed short nar- 
row lesions on the culm base just above the ground 
line. In the 1955 trials, 13 of the varieties that had 
trace infections in 1954 were free of lesions, but the 
varieties C.1. 5103. 5031, 5083. and 5093 showed great- 
er black stem incidence in the 1955 trials. In general, 
the resistant varieties were consistent in reaction over 
the 3-year period and appear to be good sources of 


genes for resistance to L. avenaria. 
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se THE EFFECTS OF TEMPERATURE AND MOISTURE ON THE SPREAD OF 
he WHITE PINE BLISTER RUST! 
nd ' 
m EK. P. Van Arsdel, A. J. Riker, and R. F. Patton 
id 
Is SUMMARY 
a, 
5. [fo increase our understanding of how tempera- peratures of 35° completely prevented their forma- 
ir- ture and moisture influence the spread of the white — tion despite low night temperatures. 
e- pine blister rust fungus, studies were made of the Temperature during the formation period mark- 
d- influence of these factors in relation to the produc- edly influenced the viability of teliospores. They 
id tion and germinability of the spores of Cronartium were more sensitive to temperature during the for- 
ribicola Fischer. mation stage than afterward. With constant tem- 
” Aecial pustules appeared in 7 days after cankers peratures, those produced at 16° germinated from 
- were brought into the greenhouse in late winter. 4° through 20°; those produced at 20° were erratic 
th They opened and released viable spores several in their germination; and those produced at 24 
to hours after they were placed in a fog chamber. were practically sterile. With varying tempera- 
Day lengths of from 11.5 to 24 hours and tempera-_ tures, formation of teliospores continued at day 
“d tures of from 16° to 28°C failed to alter the time temperatures up to 28°, but those formed at day 
n- required for aeciospore production. On agar made temperatures of 24° and 28° were practically ster- 
. with dilute Ribes-leaf decoction. aeciospores gver;r- ile. Teliospores that had formed on wild Ribes 
d minated well from 8° to 24°, with the optimum _ plants in the field in a 3-week period of approxi- 
d near 16°. mately 15°-25° weather were practically sterile. 
Production of urediospores and teliospores was They remained sterile through 20°-35° tempera- 
, studied chiefly on inoculated plants of Ribes ni- tures. After 1 week of temperatures under 20°, 
grum. Supplementary data were obtained from 4 however, fertile teliospores were found. Telio- 
species of Ribes native to Wisconsin. On all spe- spores from another site also showed low fertility 
1- cies, urediospores formed under conditions rang- when produced late in the season during a period 
m ing from a day temperature of 16°C combined with of 28°-30° day temperatures and 5°-15° night tem- 
it a night temperature of 2° through day and night peratures. In another location, 3 days with 28°-32° 
il temperatures of 28° and 20°, respectively, but they maxima were enough to produce sterility despite 
t i did not form when the day temperature was 35° 8°-—18° night temperatures. 
sa (5- to 7-hour day). In most cases, 20 days at a day The temperatures to which previously formed 
temperature of 35° prevented subsequent sporula- teliospores were exposed also affected their capac- 
P tion of the fungus; even 10 days delayed and lim- ity for germination. High temperatures inhibited 
3 ited uredial development considerably in all cases germination; e.g. 5 days of 35° weather eliminated 
d and prevented it in many. the chances for infection for 7 or 8 days there- 
rr Urediospores germinated well on all substrates after. 
at temperatures from 16° to 28° C, with the opti- The temperature in which teliospores were 
mum at 20°. Free water was necessary for ger- formed also influenced the sporidial germination 
d mination on Ribes leaves. Four to 6 hours were’ time. With teliospores formed in a constant 16° 
5 required for urediospores to begin germination. temperature, 42-48 hours were required for forma- 
7 \ 2-week period of suitable temperatures was re- tion and germination of sporidia; if 2° night tem- 
: quired before the first appearance of fertile telio- peratures were substituted in the teliospore-forma- 
spores. These 2 weeks are called the formation — tion period, 36 hours were enough. 
period. Ribes-leaf maturity was not an important The spread of blister rust in Wisconsin was lim- 
factor in the time of teliospore production; the ited principally by the lack of sufficient moisture 
“ period. Ribes-leaf maturity was not an important for sporidial formation and germination. When 
was the dominant influence on the time when telio- periods of saturated air occurred, a prior period of 
spores were produced. Whereas a constant tem- 2 weeks with no 3 consecutive days over 28°C be- 
perature of 20° allowed the formation of telio- came important to provide production of fertile 
f spores in the greenhouse, any normal field tem-_ teliospores. For subsequent infection on pine, the 


perature range in which the nights were as warm 
as 20° prevented teliospore formation; day tem- 


period of 48 hours of saturated air required tem- 
peratures under 20 





To understand better where and how white pine vival has appeared essential. Such knowledge might 


blister rust develops, a clarification of the intimate make it possible to forecast where serious infection 
climatic conditions necessary for its spread and sur- would be most likely to occur. Thus it would assist 
the men who plant white pine as well as those who 
Accepted for publication January 19, 1956. protect it by means of Ribes eradication. Some pos- 
Published with the approval of the Director of the Wis- sibilities have already been indicated by Hirt ™, 6), 
] + tat | owledome ° ° . . > 
nsin Agricultural Experiment Station. Acknowledgment Riker et al (9), and Spaulding (12). Many indiva- 
is made to the Wisconsin Conservation Department and to ti have a ired that wart iry weather might 
} ( s ave appei a | ni i oo NeE e lig 
the U. S. Department of Agriculture for cooperation and =e aS PI , n nig 


encouragement in this investigation inhibit the rust 
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The historical r f the spread of blister rust 
(caused by ¢ j Fischer n white 
pine provides some ptive evidence. Blister rust 
remained stati ! dry parts of Europe while 
spreading rapidly e cooler. more ist north- 
western part (12 lt troduced o1 irsery stock 
at various points I North America from 1900 
to 1915 In New c {1 and New York. the rust 
began rapid westv read from the points of in- 
troduction into Ontat (he introduction into west- 
ern Wiscor 1 rapid spread both east 
ind west: however. whe the disease was introduced 
into the warmer t f Virgi i India i. and Ohio, it 


I} tiie westert part of North 


spread little 


America, where thi e spread trot i single point 
of introduct Brit Columbia. it moved much 
more rapidly east nto the wester! w hiite pine 
region than it did ird to the sugar pine re- 
gion, where temperature were xher and relative 
humiditie were lowe , The history of the spread 
of white pine bliste st through most of the white 
pine regions was reviewed by Boyce (2). Meilke (8), 
ind Spaulding (11 They noted rapid spread of 
the disease throu ioist regions and stasis in 


warmer and arvyer 


Both kinds of re : r in Wisconsin. South- 
western Wiscor the prairie or prairie-borde: 
region of America icterized by relatively dry 
winters and severe s e! lrought Northern Wis- 
consin is in the tern forest region. which is 
characterized by 1 snowy winters and reliabk 
summer rains (] Many vecies of plants are lim- 
ited to | part of tl te or the other. Blister rust 
seems largely limited to the northern region except 
for local cooler sit Much of the eastern white pine 
in the prairie-bord I f southern Wisconsin 
has escaped fectir the white pine blister rust 
fungus. Only a small | entage of the trees were dis 
eased, although dense Ribes concentrations were close 
by. and the rust present in some areas 17—25 
vears (4 t iined confined to limited 
areas even Hu? ive infection years such as 
1941 and 144 » K ( nty still had this type ol 
localized distributior » years alter the first intec- 
tion. In contrast. ir ler and more moist northern 
Wisconsin. infecti te pine could be found on 
almost any site near Ribe | Oneida County, for 
example, where rust been present for 25 
vears, almost I] sit e rust in 1953. and trees 
on most sites wert nfected. In southern Wis- 
consin, the blister 1 kers found were less than 
8 ft. above the a I northern Wisconsin, how- 


ever, cankers often were found on any part of the tree. 
The distribution ister rust in Wisconsin as 


correlated wit I tt nd microclimate s discussed 
elsewhere 14 sites where blister rust was 
present on pine u hern Wisconsin had air tem- 
perature less than 20° 1 had higher relative hu- 
midities and longer pe ls when the air was satu 


rated with moistut f those of adjacent areas 


Such favorable infection sites were at the bases of 
slopes. in sheltered valleys. and in openings in the for- 
est (15). 

The purposes of the study reported in this paper 
were to improve definition of the effect of tempera- 
ture and humidity on the development of different 
spore types and thus on the spread of the blister rust 
fungus and to establish an improved basis for evalu- 


ating the chances of infection at given sites. 


VMIATERIALS AND METHODS.—Blister rust fungus “cul- 
tures” used in these studies were made from spores 
collected from uredia on wild Ribes bushes or from 
aecia on cankers brought into the greenhouse in late 
winter. Mixtures were used, with no effort made to 
keep various collections separate. The rust fungus 
was maintained through the year in the uredial stage 
on Ribes plants in the greenhouse at approximately 
Zo 4. 

Phe environmental conditions required for the pro- 
duction of the various spore stages were determined in 
experiments in which infected host plants were grown 
under controlled temperature and moisture conditions, 

Potted Ribes plants were used in temperature and 
moisture studies. These plants were grown from 
cuttings or from wild plants transplanted from the 
woods. In these experiments, at least 2 replications 
were made with plants of Ribes nigrum L., and 1 or 
more replications were made with each of the 4 native 
species used; viz., Ribes cynosbati L., R. americanum 
Mill.. R. hirtellum Michx.. or R. missouriense Nutt. 
All 5 Ribes species grew well in the greenhouse in 
winter when added artificial light gave a day length 
of 16 hours. Red spiders were controlled ordinarily 
by malathion and miscible tetraethyl pyrophosphate 
sprays. Both sprays injured any rust fungus spores 
present, so the spiders were washed off with water 
as spore-collecting time approached. 

The effects of different temperatures on spore 
production were tested by placing infected — host 
material in greenhouses with controlled temperatures 
and in special chambers. Greenhouse temperatures 
were maintained within 1°C. Fluctuating temperatures 
were obtained by moving diseased plants from one 
greenhouse to another in various combinations of time 
and temperature or by fluctuating the temperature in 
special chambers to approximate natural late-summer 
diurnal variation. A 2° cold room was used for the 
lowest night temperatures. 

Spore germination tests were made on water agar, 
Ribes-leaf-decoction agar, water, and Ribes leaves. 
Temperatures for spore germination tests in Petri 
dishes were obtained in laboratory incubators. For 
plant inoculation studies, moisture was provided for 
germinating spores by compressed-air atomizers in 
chambers in the greenhouses of different temperatures. 
These sprays kept the chambers constantly filled with 
fog but were not enough to wash off the spores. 

ResuLts.—Aeciospore production and germination. 

Groups of 10-17 naturally infected pine branches 
were collected from 5 locations in the state—2 loca- 
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tions in the north and 3 in the south. Cankers were 
collected in late winter while snow was on the ground 
and aecial pustules were not detectable. The branches 
were set in cans of water in the greenhouse. To keep 
the branches fresh, a l-in. length of the butt was cut 
off each branch every other day and the water changed. 
branches containing 3-5 cankers 
20°, 24°. and 


length in these greenhouses was 


One can of cut 
was placed in each greenhouse at 16 
98°C. Natural day 
11.5-13.5 hours. 
each with 3-5 cankers, 
lengths (periods of light that 
were longer than normal). One can kept at 26° had 
a 15-hour light period. One can at 21° for 12 hours 
and at 10° for 12 hours had 24 hours of light. 


Two cans of cut branches. 


were exposed to day 


The complete experiment as des« ribed was repeated 
3 different day lengths (at 
Since the 


twice, and trials with the 
24° in the 
results from the various collections were similar, they 


12.5-hour day) 3 more times. 
were not reported separate ly. 

None of the temperature or photoperiod treatments 
affected the length of time required for production of 
aeciospores. Young aecia were detectable under the 
bark when cross sections were examined with a hand 
lens within 4 davs after the cankers were brought into 
the greenhouse. Aecial pustules showed on most of 
the cankers in 7 days and on nearly all the remaining 


few cankers in 8 days. Some small cankers never 
produced aecia. 
Moisture appeared important The aecial blisters 


did not open in the dry air of the greenhouses. Some 


mechanically and the tested ; 
In 7 subsequent germination 


were opened spores 
germination was poor. 
trials, the cankers containing ae 
fog chamber where the aecia opened naturally. The 
shed hours. These 
aeciospores germinated well in the tests. Extremely 
hot (up to 33°C) dry weather in southern Wisconsin 
the last part of April and the first week in May did 
Thus. 


either short exposures to saturated air provided in the 


ia were placed in a 


aeclospores were after a tew 


not prevent natural aecial discharge in 1952. 


moist chamber or the moist night air in the woods was 


sufficient for successful aeclospore discharge. 


lo test aeciospore germination, 8 trials were set 
up with different substrates trials were made 


Four 
with 2.5 per cent water agar. 1 with activated charcoal 
in the agar. and 3 with Ribes-leaf-decoction agar. The 
leaf decoction was prepared from 325 g of leaves of 
R. nigrum per liter of water and was used in dilutions 
Results 
leaf-decoction 


of 1/2-1/256 of this concentration (pH 4.5). 


showed that dilute (1/64 and 1/128) 


agar was the best medium; activated charcoal in- 
hibited germination. 


The effect ot constant aeclospore 


temperature on 
germination on agar was tested. The large majority of 
aeciospore germinations occurred from 8° to 24° with 
the optimum near 16° (Fig. 1) 
with 11,000 spores in additional trials on water agar 


Germination tests 


showed that a period of chilling at 0° or exposure to 


temperatures as high as 36° for 8 or 9 hours was 
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Fic. 1. Germination of spores of the white pine blister 


rust fungus as affected by temperature. Hirt (4) showed 
that basidia and sporidia were not produced above 21°C, 
and sporidia did not germinate above 20 


somewhat stimulating (13). 

The effect of 
aeciospores in vivo was checked by 
plants of R. nigrum and 4 of R. cynosbati in fog 


temperature on the germination of 
inoculating 12 


leaves were inoculated on each of 
Each replication consisted of 4 plants, 


chambers. Eight 
these 16 plants. 
1 such plant incubated in each of 4 temperatures 
cool (16°-17°), moderate (18°—20°), 24°), 


25°-28° ) Ribes inoculations 


warm (2] 
Results of 
obtained 


and hot | 


corresponded with those from aeciospore 
germinations on agar. The average percentage of leaf 
area bearing rust pustules was 38, 63, 56, and 14 on 
plants incubated in the cool, moderate, warm, and hot 
temperatures, respectively. 


Urediospore and teliospore formation.—Spore pro- 
duction as affected by day and night temperature was 
observed on 50 Ribes plants. Approximately 8 leaves 
were inoculated on each plant of the following species: 
37 bushes of Ribes nigrum, 6 of R. cynosbati, 3 of R. 
hirtellum, 2 of R. americanum, and 2 of R. missouri- 


ense. 


Data on the time of urediospore and teliospore pro- 
duction at various day and night temperature combina- 
summarized in Figure 2. A_ representative 
nigrum, held for the first 28 


tions are 
example is plant 1, R. 
days at a day temperature of 16° and a night tempera- 
ture of and then for 6 days at 16 
Incipient symptoms (flecks) and a few uredia appeared 
the 15th day, uredia predominated on the 16th day, 
on the 17th day after 
inoculation the 26th day 


but were abundant only on the 29th day and thence 


day and night. 


and urediospores appeared 


Teliospores were evident 
to the end of the test. 

The plants in Figure 2 are arranged in groups with 
those from the lowest temperature range placed at the 
top of the figure. The first series (plants 1-4, 16-19) 

28° day temperatures and 
2° night flecks, 
uredia, and urediospores occurred progressively faster 


show the development at 16 
temperatures. The appearance of 
as the daytime temperature was increased. Teliospores 


developed in all cases where the night temperature 
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was 2 In gene profuse teliospore production night. When the first week was at 26° day and night, 
was slowel if the er day temperatures than at teliospores developed as rapidly as when the full 3 
lower ones. Teliospore production was slower with weeks were at 16°. Rapid teliospore production 
2° night temperatures than with 14° or 16° night occurred when day and night temperatures were 24° 
temperatures. An example of spore production in and 16°, respectively. Teliospores did not form if 
this lower temperature range is plant 18, R. ameri the night temperature was 20° or warmer, or if the 
canum (Fig. 2) kept at a 24° day temperature and a day temperature was 35°. They appeared slowly at 
iA 2° night temperature for 29 days. Incipient flecking a 28° day temperature. 
ey symptoms appeared after 12 days, uredia after 16 The effects of different periods of exposure to 35° 
A days, and urediospore fter 18 days. A few teliospores day temperatures were shown on plants 63-68, 5-8, 
ee were evident after 2 lays, but an abundance of 12-15 (Fig. 2). Even 3 days of such high tempera- 
a teliospores was not present until the 26th day. ture delayed the appearance of urediospores, and 
= The middle ran if temperatures was tested on  urediospores were few in number. Longer exposures 
rs plants 33, 35, 32. 11, 26. 27, 28, 24, 9, 10, 61, and 62 caused greater delays. Plants 5-8 and 12-15 were 
&: (Fig. 2 The production of urediospores occurred — tests of 35° day temperature with night temperatures 
in the shortest time after inoculation on plants in this from 16° to 28°. Some of these plants were exposed 
range. Plants in a nstant 16° temperature pro- briefly to higher temperatures, as noted. Rust de- 
duced urediospore ter than those at a 24° day velopment on the plants in the high temperature 
temperature and a lf eht temperature. The uredial ranges (plants 28, 24, 63-68, 5-8, 12-15) showed that 
stage occurred abou soon on plants at a 24° day the rust fungus in Ribes leaves apparently was killed, 
temperature and a 16 ght temperature as on plants or severely inhibited, by 10 to 15 days’ exposure to 
at a 28° day temperature and a 20° night temperature. 35° day temperature. If symptoms did develop sub- 
When plants in this group were moved to a green- sequently, they were only traces. 
house at a 35° day temperature, urediospores did not Urediospore germination.— The germination of 
form. Moreover, those formed pre viously at a lower urediospores from plants of R. nigrum and R. cynosbati 
temperature showed a rapid decline in fertility when was tested in distilled water, on water agar, and on 
the plant was moved to a 35° day temperature. Plant Ribes leaves at different temperatures. All germina- 
s 28. R. hirtellum, was kept at 26° day and night for tion tests were made in Petri dishes. Those containing 
- 12 days. then subjected to 8-hour days at 35°, 8-hour  Ribes leaves were kept moist by wet paper toweling. 
ae nights at 26°, and 4-hour morning and evening peri- These dishes were incubated at constant temperatures 
'” ods at intermediate temperatures. The lesions began of 0°, 4°, 8°, 12°, ... 36°C. Spore germination was 
i to turn brown and die 6 days after the plant was counted with a microscope at 100 magnification. 
J moved to the 35° day temperature. On the 26th day, Several random fields of 30-100 spores were counted 
es t days after the return to more moderate tempera- for each medium at each temperature. When spores 
| w tures, a few urediospores were visible on the edges were germinated on Ribes leaves, stomata were closed 
i bed of the gray-brown necrotic areas, and urediospores (leaves were incubated in the dark), and spores 
it fact were produced in the living areas of the leaves for germinated only when in contact with free water on 
+ i the rest of the 34 days. Plant 24, R. cynoshati, had the leaf surface. Urediospores germinated well on 
= #4 a history much like that of plant 28, R. hirtellum, all substrates at temperatures of 16°-28°. with the 
a except that the rust fungus never recovered to produce optimum near 20 (Fig. A} 
a urediospores again. The difference in ability to re- The first germination was noted at 4 hours, and 


cover from the effects of the 35° day temperatures was most spores had started germination by 6 hours. 


noted frequently and seemed to be partly a_ host Teliospore germination and _ fertility.—Since the 
reaction, all leaves on the entire plant responding _ telial columns were sometimes sterile, a study of their 
similarly. ability to produce sporidia was essential. First. the 

Teliospore production on the plants in this middle — effects of different constant temperatures during telio- 
range (Fig. 2, plants 33, 35, 32, 11, 26, 27, 28, 24,9, spore formation on the fertility of telial columns 
10, 61. 62) occurred in all cases where the night were investigated. R. nigrum and R. cynosbati were 


temperature was 16° or less. Teliospores were pro- placed in greenhouses kept at constant temperatures 
duced most rapidly (about 21 days) at 16° day and of 16°, 20°, and 24°C prior to the time teliospores 


Fg MS ie 5 


Fic. 2. The development of blister rust on Ribes plants exposed to various day and night temperatures. Circled numbers 
ce indicate the following: 1) Ribes species used were N, R. nigrum; C, R. cynosbati; A, R. americanum; and H, R. hirtel- 
*] lum, 2) Observations were made every other day; in some cases uredia developed so rapidly that incipient stage was not 
et observed. 3) The plant developed urediospores after 38 days. 4) The plant was subjected to a temperature greater than 

38°C for 2 hours on t] lay. 5) The plant was subjected to a temperature greater than 38°C for 1 hour on this day. 
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v4 
rs demonstrated these effects most noticeably. Telia 
that formed at 16° and germinated at 20° produced 
. e large numbers of basidia, with 3000-4000 sporidia pro- 
i & 900 duced by each telial column. In contrast, those that 
E e formed at 20° were erratic in their ability to produce 
: basidia and sporidia (therefore not shown in graph), 
fj 
a < 600} 1 whereas those formed at 24 produced very tew 
sy . basidia, and only 1 attached sporidium was seen. 
4 : relia that formed at 24°. if then detached and held 
‘| . 40 } at 16° in air saturated with moisture for 10-11 days, 
produced large numbers of sporidia. This period of 
: : time necessary for recovery, however. is just as long 
3 20 F ] is the time required for the development of new fertile 
r | | teliospores on Ribes plants; hence the importance of 
‘ nua EMPERATURE | the inhibitory effect of high formation-temperatures is 
4 Oo ome O0- — J I 
; rn a re - an a not lessened by this ability of recovery. 
4 Runa 2 , SARI THMIC PROGRESSION) Since a constant high temperature during the forma- 
tion stage decreased fertility of teliospores — so 
Fic. 3. 7 C of spores formed at 
conetant 16° s me markedly. the effect of fluctuating temperatures on 
teliospore fertility was studied. The histories of 17 
, representative plants (continued from Figure 2) sub- 
i were visible \fter their first appearance. telial . . 
58 4-48 | jected to fluctuating temperatures are shown in Figure 
‘olumns were allowed to grow tor 2 6 hours, then “ys . , 
. : : le t. Teliospore fertility is represented by the number 
tella wel picked trom 2 or mor eaves at each : “}: 
= hes 7s — ei oye of sporidia produced. In the assessment of fertility. 
bs temperature and placed on water agar in a Petri dish. . . ° . 
bt the germination counts for 8 telial columns were 
The telia that formed at each temperature were 
: averaged for each plant, as in the constant-tempera- 
ine ubated it that te perature and at each of the other Tr 
ture studies. Teliospores were germinated at 16° for 
2 temperatures to check the relation of germination 4- - 
25-50 hours. 
te *‘ratur to tormat temperatut! urthermore, . . 
ae " . | ay pee \s an example. plant 1 (R. nigrum) was given a 
Y ; lais. tel were ! inate t temperatures O-.~ 4 ° 
1 r a ) , 16° day temperature and a 2° night temperature for 
3 ahs ef. “ samples wer! chillec t UO tor wien , 
{ke “—- — we 28 days after inoculation (the temperatures for the 
12 hours and later germinated : i ae Seige 
i first 20 days can be seen in Figure 2). The next 10 
’ feliospore germination and fertility were measured — days were at 16° day and night. The plant was then 
| , by counts or estimates of the numbers of basidia and — exposed to a 35° day temperature (8-hour day) and 
t a? sporidia prod IK I{ | 1 lew basi lia were visible a 20 night temperature for 10 davs. On the last dav. 
a “8 as the telial columns lay flat on the agar surface, the inoculated plant was subjected to 2 hours at 36 
$2) > ‘re in | f lar m her ‘re ’ led ‘ 7?) ’ . 
ihe. they were counted. | zer numbers of basidia were 2 hours at 37°, and 2 hours at 38°. Fertility tests were 
« . { . 2s _ 
PP present, estimates were made. If over 1000 basidia made at the end of each period. The second and 
‘si were visible, germination was considered complete third days after telia appeared, teliospores in these 
Ce and recorded as 1000. Similarly, sporidia were counted — short, young telia produced about 70 sporidia on each 
; r re i t - he | her = : o 
if the numbers we therwise the number wa day. By the ninth day, the telia columns had 
estimated in accordance with the average number of — Jenothened and upon germination produced a_ full 
L | lumn in e id a 
sporidia to eat ras e.2. a column 1 which th quota ot sporidia (represented by a count of 3000. 
og teliospores were germinating very well might have or 3 full bars in Figure 4). The subsequent exposure 
ra 1000 basidia and about sporidia to each basidium, to a 35° day temperature caused a decline in fertility 
so 3000 sporidia led | the column from about 1500 sporidia at the end of the first day 
The temperature t wi h the telial column was of high temperature to 50 on the eighth. On the 47th 
formed had a marked effect on the subsequent germi- day after inoculation. when the temperature was 


nation of the teliospores (| Germination at 20 raised to 38°. continued low fertility was evident from 





eee 


ee, 
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Fic. 4. Teliospore { represented by number of sporidia pro 


ferent day and nigl ratures. Circl 


A, R. americanum; H, R. hirtellum; and C, R. cynosbati. 2) Three tests were made on this day after the periods of 


temperature exposul licated [wo tests were made on this day after the periods of temperature exposure indi- 


cated. 4) The plant was exposed to 38°C for 1 hour on this dav 


duced) as affected by the period of exposure to dif- 


ed numbers indicate the following: 1) Ribes species used were N, R. nigrum: 
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the productior 2-8 sporidia that were never 
cast from the basidia. This inhibition was greater with 
plant 4, which was exposed to a high day temperature 
(28°) with low night temperature (2 for 42 days. 
It produced only 700 sporidia per telial column on the 
34th day and decreased steadily in production to 38 
on the 40th da After 3 days at a 35° day tempera- 
ture and a 20 temperature, no sporidia were 
produced. The more rapid advance of sterility as the 
temperature was raised was typical of plants on which 
telia formed at ner temperatures 

The reduced fert f teliospores at 24° and 28 


low night 


ag 


day temperature 12-hour days) with 


temperatures wa n plants § 4. 18. 19. and 


Teliospores that lost their fertility by exposure to 
sD day temperatul plants . = , 4, 52, 34) 
apparently were killed and never recovered the ability 
to produce sporidia Teliospores that had fertility 
reduced by exposure to 24° or 28° recovered the ability 
to produce sporidia cool temperatures Plant 9, 
with 2200 sporidia per telium after 2 weeks of 16 
weather. is a good exan le of this 

In general, the t fungus on plants subjected to 
low night temperatures produced telia, but if day 
temperature vere relatively high (about 24 or 
above the tellosps had greatly reduced fertility. 
Fertile teliospores were never produced on_ plants 
exposed to wart t temperature (20°) or on 
those subjected to a day temperature of 28°, and no 
teliospores were produced on plants subjected to a day 
temperature of 5 

lo define still n precise ly the effects of time and 
temperature on tellospore fertility, shorter periods ot 
exposure were tried (one plant each was exposed to 
periods of 2, 4, and 6 12-hour days at 28° and to 
nights it 0) last week prior to teliospore 
formation. A control plant was kept at a constant 16 
Telia on the plant en the 2-day treatment produced 
only 1/5 as inv sporidia as those on the control; telia 
from the plant the 4- and 6-day treatments pro 
duced less 1 iny sporidia as the control. 

In another exper plants of R. nigrum (10 in 
ill) were ected | lay-temperature periods of 3-9 
hours. On all 6 plant bjected to short-day tempera- 
tures of 24 r 28° with 16° nights during the telio- 
spore-formation pet! teliospores were much reduced 
in fertility compared with those formed at a constant 
16°. Fertility of teliospores produced on the 9-hour- 
day plant was re ed the most; telia produced less 
than 1/6 the nu r of sporidia produced by telia 
from the control ] t. The number of sporidia from 
telia developed on plants given 3-hour davs of 24° or 
28 was reduced | fertility of the spores 
from the 28 plant was only slightly less than that of 
spores iron 

Germination tests of teliospores formed on naturally 
infected wild R shes next to which hygrothermo- 
graphs had beer talled demonstrated that 3 days 
ot warm weather vith 3 hours in each day at 28-32 
in the format I st f resulte | in sterile te liospores. 
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One day at 32° did not cause such sterility (Fig. 5), 

High temperature during the _ teliospore-formation 
period affected the type of subsequent germination of 
these teliospores. Not only were few sporidia formed. 
but they often remained attached to the basidium, If 
sporidia were cast, they were unable to germinate 
normally, producing short, blunt, abnormal-looking 
germ tubes. 

Chilling the telial columns at 0° for 12 hours de. 


layed and 


germination greatly in some cases pre- 
; age > ; 
vented production of sporidia in other trials. Results 


were irregular. Although detrimental, chilling did not 


act to prevent completely sporidial production. 
Teliospore production at different temperatures and 
the effects of such temperatures on subsequent fertility 
also were observed on wild Ribes plants in nature, 
Hygrothermographs were placed in shelters with the 
measuring elements 20 in. above the ground among 
numerous Ribes bushes infected by the rust fungus, 
leliospores were plucked from nearby leaves exposed 
to the same microclimate and were germinated in sets 
. and 16 
formed, 


. The numbers 
cast, 
and sporidia germinated were counted or estimated. 
Data on the fertility of teliospores collected during 
the summer of 1953 in the field and germinated on 


as in other tests, at 8°. 12 


ot 8, 


of basidia formed, sporidia sporidia 


water agar at 12° are summarized in Figure 5. Telio- 
spores that had been formed during 3 weeks of 


weather and collected August 


Continued | sterility 


approximately 15°-25 


21 were practically sterile. was 


> 


observed through the next 13 days of 20°—35° weather. 
One week after the drop to cool weather (under 20°), 
fertile found. 
weather caused reduction in fertility. 
this 
another site, in Forest County, also showed low fertility 
at 28°-—30 


tures (approximately 5 


were warm 


Figure 5 shows 


teliospores Subsequent 


phenomenon in 2 locations. Teliospores from 
day temperatures with low night tempera- 
i> 3. 

(An influence of sunlight on fertility was observed. 
leliospores produced on plants in the Dane County 
plot the reduction in 
fertility than those from the Rock County site (in the 
October This effect 
probably came from the bright sunlight period. Tellio- 


(in sun) showed a_ greater 


shade) during warm weather. 
spores formed in sunny weather in the greenhouse at 
24° and 28 (February, 1954) 


completely sterile, whereas those formed in cloudy 


day temperatures were 
weather (March, 1954) at the same or higher tempera- 
tures retained some ability to produce sporidia. Leaves 
in the sun are often as much as 10° warmer than the 


surrounding air (16). 
The 


quite sharply (Fig. 1) between 20 


germination percentage of teliospores dropped 
24°. Observa- 
tions at intermediate points have been reported by 
Hirt (4). 
above 21° and did not germinate above 20 

Leaf did 


required for telial formation. 


ant 


He found that sporidia were not produced 


significantly affect the time 
In all of the 5 constant- 
temperature trials, telia were formed in 14 or 15 days 
house to the 


maturity not 


after plants were moved from the 26 
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16°, 20°, or 24° houses. Telia were formed almost 
cimultaneously on all of the inoculated leaves (ap- 
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proximately 15) from the bottom of the plant to the 
top. On some plants in later experiments, telia formed 















































' 2 ae ony | 
ate ‘ 
ae ZL OOOF 7} 
~ a 
Ognod 3 
+2. 1\500r "4 
af 
ynuta [ 
2°22 lOOOF ; 
 e -he j 
qd e250 r z 
a 33° 500} 
> Ww } 
«> 
ae” Se Nn oO N te ne. = seas 
=mes gi a a 
. _ £0 
- d 
i 
r < 
Ze % 
= = ee &G 
— we 
a «2 
“—— = ow 
w wl 
- Oo 
Z as O 
O 
7 24+ : . —_— 
< av zo ] | 
= @>u0r . | 23 
= 72) ' 
eam mos | INI rrerreece 
z ail O li oar | } 
© ° o o- |4 ° 9) ° ye) ° o ° a ° na 
= nw n“ a) = = o ow Mm - - “ “ “ 
’ AUGUST SEPTEMBER OCTOBER 
> 
4 ES —__—— — 
O ad 
«a Oo J 
=. s2000 ; 
an 1 
-=<-J 
« da 
o-}§ 5 |I5OOF I 
a“ 
Ww - 
- - 
w® 1|OOO 
co 4 
am Wow , 
DG > 
2 Zo 
7 ae 
Y 
WwW 
ze 8 
oun > < 
« 
a ge « 
a Y= 
ce wT 
Ww w 2 
= & BS MINIMUM 
Oo 7 & 4 
w 
ef-s i 
OQ 
-- 24,— -——y — 
x» z 
> wo a O 
a wr. 
zor ° l2F 
to ” r © 08000000 
05 © So = 0 °o 0 ° 0 * 0 ° © ° o Oo-e¢ 
~~ ON ” - = ~ ~ - - “ N 
NOV- 
AUGUST SEPTEMBER OCTOBER EMBER 
Fic. 5. The influence of prior temperatures upon the subsequent fertility of teliospores collected from wild Ribes at 2 


different sites in southern Wisconsin (1953). At Milton Junction, teliospores were from R. cynosbati; at Madison, 


were from R. nigrum. 


they 
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1-2 days earlier bottom leaves. which were 2-3 
weeks older than those at the top 

The temperatur: I the first week after inocula- 
tion did not seem t ffect the time required for telio- 
spores to tor eliospores formed 3 weeks atter 
inoculation, whet lants were held at constant 16 
or moved from a hig! 6 to a lower temperature at 
the end of the first week. Since the temperature during 
the first week did not affect teliospore formation, the 
teliospore formatior eriod was considered to be the 
2 weeks prior to t first appearance of teliospores 
on the Ribes le 

To find the time iry for sporidial production 
and germinatior l itmosphere saturated with 
moisture at 16 te pore were germinated while 
still attached to R nts growing in a greenhouse 
at 16 Le ( eal titable telia were fastened 
with adhesive | the iluminum lids of Petri 
dishes ibove ) f ent igar Petri dish bottoms 
containing ft ‘ i i under the covers 
at 6-hour intervals t test the rate ot s] oridia Castings. 

Telia produced at a 16 lay temperature and a 2 
night temperature { those formed at a constant 16 
temperature wert the germination tests. From 
telia formed ler the first conditions. a few sporidia 
were cast. and a few had started to germinate 
at the end of 36 hour The bulk of the germination 
started at 36 | I Telia that formed at a constant 


16° had produced ew sporidia at 36 hours; sporidial 


The graph ot 


germination began about 42 hours 
basidial formatior n Figure } shows the type ol 
increase characteristi of that in sporidial discharge. 


Detached telia used n teliospore tests such as those 


summarized in Figures 4 and 5 all germinated slower 
than the attached tel n these tests 

In 1952 and 1953. exposure to a single wet cool day 
(continual | t ra 1f teliospores formed on. at- 
tached leaves of wild Ribes was insufficient to induce 


sporidial production 

In 1954 
fertility 
(September 1? 16 


the germination of teliospores ot low 


was observe in Ribes plants during a period 


f nearly continuous rain when 


temperatures were under 20°. The last hot day (35.5°) 
had been on september 6 Germination results of 
these spores laboratory indicated that telio- 

1 at on September 14 were com- 


spores collected 
Those collected September 15 had low 


18 hours 


the 


pletely sterile 
fertility —80 


at 12° in air sa 


telial column after 


with 


Spor 
moisture. Thus. in 


} wet days. 


field, teliospores had not germinated after 

These germination records indicated that 36 hours 
at 16° in an atmosphere saturated with moisture was 
the minimum time required to initiate significant 
sporidial production, casting, and subsequent germina- 
tion. Higher temperature ranges than 2° night temper- 
atures caused slower spore production Freezing 
inhibited production. Germination at 30 hours was 
only 1 per cent of that at 48 hours. If the temperature 


was constantly as warm 


during the formation of telia 


as 16°, then 42 was necessary for sporidial 
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production and germination. If 2° night tempera. 
tures were substituted in the telial formation period, 
however. only 36 hours was required. Such germina. 


tion, of course, must take place before any infection 
occur. 
The 


fungus 


of pine can 
the 


weather for 


life 


favorable 


Dis LSSION. compli ated cycle ot 
blister 


completion; 


rust requires 


however, examinations at various stages 
show that certain spores are much more sensitive than 
others to moisture and temperature. 


In the work with moisture, certain limitations ap. 


peared. The hair hygrometers available were not 
considered fully reliable when the relative humidity 
was over 90 per cent. In this study, the air was con- 


sidered saturated when free moisture was maintained 
hygrometer 


If the 
point by 


when a hair 
humidity. 
the dew 


leaf. 


on a plant or container, o1 
100 


temperature 


showed per cent relative leaf 


below 
the 


Wds coole d 


radiation, water condensed on 


since aeclospore production occurs over a_e wide 


and with a few hours of 


range of temperatures 


aeciospore 
the 
weather 

the 
conditions 


saturated air, such as occurs overnight. 


not a limiting factor in 
Wisconsin 
most durable 
fungus, lasting weeks 
and in exceptional cases as long as 6 months (3, 10, 
iD) 8 hours of 
viability to 1 in 2000 (11). Aeciospores germinate over 
a wide range of temperatures; 
temperatures, such as are likely to occur in the spring. 
The germination temperatures 


production probably is 
during spring 
the 


sevel al 


spread of rust 


Ler iospores are spores of 


under dry 


however, direct’ sunlight reduces 


brief freezing or high 


stimulate germination. 
shown in this paper are higher and extend over a 
broader range than those Doran (3), 
but Hirt (5) also reported that aeciospores germinated 
readily at higher temperatures and that Ribes plants 


reported by 


were successfully inoculated with aeciospores in a 


least 2° warmer 
Free water 


damp chamber that was always at 
than the upper limit set by Doran (19°). 
and saturated air were necessary for aeciospore germi- 
5-25 hours was required 


LE. Bove 


Urediospore formation occurred at constant 16° to 
(9). Whereas ranges 
show the lower 
day temperatures did prevent it. 


nation and Ribes infection: 


depending on the temperature (3. 
28° temperatures temperature 
tested did limits of urediospore 
formation, 35 For- 


mation was slower at the lower temperatures. The time 


not 


after inoculation required for urediospore production 
reported here was the other 
reports (11), although no temperature range gave as 


about same range as 


fast a production as the fastest reported (7 days). 


Rapid reductions in urediospore viability as the 
spores became older was noted by Spaulding (11) 
After 3 days, less than 4% the spores germinated and 
practically after 2 weeks; however, Spaulding 


(11) reported exceptional cases of spores lasting up 


none 
to 270 days. 
The temperatures at which urediospores germinated 
as reported herewith were over a greater range and 
at higher temperatures than those reported by Deran 
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(3). Likewise, Spaulding (11) noted that infection 
ef Ribes plants could occur at the higher tempera- 
tures. Perhaps the washing and shaking treatments 
used by Doran in preparing the spores reduced the 
high-temperature germinations. Doran apparently ob- 
tained only low germination percentages. 

Free water on the leaf surface and a saturated atmos- 
phere were necessary for urediospore germination and 
Ribes infection (11). Work reported herewith con- 
firmed the necessity of free water on a Ribes leaf. 

The minimum time required for germination of 
urediospores, with first germination noted at 4 hours 
and most spores starting to germinate by 6 hours, is 
slightly less than the 54% hours reported by Doran 
(3). whereas Riker et al (9) noted increasing Ribes 
infection each hour from 5 to 12 hours. 

The information on urediospore formation and 
germination indicates that a period of 4-12 hours of 
fairly warm saturated air with free water present on 
the leaves is necessary for uredial infection of Ribes 
plants. In Wisconsin a period of warm weather is 
needed for infection. Dewy nights usually occur 
during the coolest part ot the 24-hour period. Low 
night temperatures at 20 in. above the ground are 
usually less than 16° and frequently are less than 12°. 
In 1951. for example. the weather was generally too 
cool in southern Wisconsin for much uredial spread. 

The temperature during the period of formation of 
teliospores was an especially important consideration. 
\s the formation temperature decreased, teliospore 
fertility increased, until the detrimental freezing point 
was reached. In contrast, daily temperatures ranging 
were warm enough to prevent the 


After 


production of 


from 15° to 25 
formation of fertile teliospores in the wild. 
temperatures had once favored the 
fertile teliospores, and inhibiting warm temperatures 
weather was 


had intervened, only a week of cool 


necessary for the production of fertile teliospores. 
This is the usual case in September in Wisconsin. Two 
weeks of weather in which less than 3 consecutive 
days exceed 28° is apparently necessary for the first 
production of fertile teliospores. 

According to Hirt (4). normal teliospore germina- 
from (°-] 


Hirt reported also that a few teliospores 


tion (formation of basidia) occurred 


through 2] 
germinated at 22° but never produced sporidia. In 


the present work. a very few abnormal nonfertile 


hasidia formed at 24 
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Germination of sporidia was affected by both 
temperature and moisture. Normal sporidial germina- 
tion was reported to occur at 0°-1° to 20° (4). Within 
this range, the lower the temperature the higher was 
the germination percentage, but the higher the temper- 
ature the faster the germ tube grew. Hirt (4) said, 
“For the best germination, sporidia required 100 per 
cent relative humidity or direct contact with water.” 
Germination was less as humidity was reduced until 
only a few sporidia germinated at 97 per cent relative 
humidity, and none germinated at less than 97 per 
cent. For sporidial germination in the Adirondacks 
in New York, Hirt (6) considered rain the most im- 
portant source of moisture. Dew allowed the produc- 
tion of some sporidia, but it dried before germination 
could occur; thus dew alone was inadequate for suit- 
able inoculum when a prolonged cool, moist period 
occurred. 

The duration of the period of cool, wet weather 
required for infection of pine is the cumulative time 
required for the production of basidia, production of 
sporidia, casting of the sporidia, germination of the 
sporidia, and penetration of the pine needle by spori- 
dia. On the basis of the data presented in this paper, 
the minimum time until sporidial germination occurs is 
considered to be 36 hours. According to Hirt (6), 
an additional period of 11 or 12 hours is required for 
penetration. In 1952, 1953, and 1954, continually 
checked teliospores in the wild showed practically no 
sporidial production from a single wet, cool day. It 
was concluded that 2 days (48 hours) with a maxi- 
mum temperature of 20° and with saturated air are 
necessary for infection of pine. 

Searches of weather records resulted in the con- 
clusion that the spread of blister rust in Wisconsin is 
limited principally by the lack of sufficient moisture 
for sporidial formation and (14). In 
addition, a primary requirement for the production of 


fertile teliospores is a period of 2 weeks with no 3 
I | 


germination 


consecutive days over 28°C. For subsequent sporidial 
formation and germination, and ensuing infection of 
pine, a period of 48 hours of saturated air is required 
with temperatures under 20 
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PHYSIOLOGICAL RACES OF ERYSIPHE GRAMINIS F. SP. HORDEI 
IN NORTH AMERICA ! 
J. G. Moseman * 
SUMMARY 
Six new physiological races of Erysiphe gram- _ races isolated from plants grown in North America 
inis DC. f. sp. hordeit Em. Marchal and 9 other pre- was determined. The pathogenicity of 49 cultures 
viously reported physiological races of this species ~~ from conidia and 151 cultures from cleistothecia 
were isolated from diseased plants obtained was tested. The cultures isolated from ascospores 


throughout North America from 1950 to 1954. 
These races were distinguished on the basis of their 
pathogeni« itv on. the diffe rential varieties Black 


Hulless, Chevron, Goldfoil, Heil Hanna 3, Nepal. 


and Peruvian. They were compared also with 13 
races previously found in North America, 3 races 
isolated in Japan, and 2 races found in Argentina. 

The geographic distribution of physiological 


in cleistothecia were found to vary more in patho- 
genicity than those isolated from conidia. 

The inadequacies of the present differential va- 
rieties for determining pathogenic variation for use 
in breeding programs and the advantages of using 
as differentials individual genes for resistance in 
the host are discussed. 





The first extensive studies on physiological speciali- 


zation of the powdery mildew fungus, Erysiphe gram- 


inis Dt were made by Neger (13) in 1901. He 


found that within a morphological species there are 
forms which are limited to 1 host plant or to closely 
related host plants. He concluded that conidia pro- 

1 Accepted for p ition January 17, 1956. 
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Service, U. S. Department of Agriculture, and the North 
Carolina Agricultural Expe! ment Station 

Appreciation is expressed to Dr. G. A. Wiebe for furnish 
ing the barley seed, to the many investigators who sent 
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fornia. 
2 Pathologist, Field Crops Research Branch, Agricultural 
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duced on one host species will not infect host species 
of another genus, but occasionally they infect other 
species of the same genus. 

In 1902, Em. Marchal (10) distinguished and 
named, on the basis of host specialization, the follow- 
ing 7 formae speciales of FE. graminis: tritici on spe- 
cies of Triticum; hordei on species of Hordeum: se- 
calis on species of Secale; avenade on species of {vena 
and on Arrhenatherum elatius (L.) Presl; poae on 
species of Poa; agropyri on species of {gropyron; 
and bromi on species of Bromus. 

Mains and Dietz (8) first demonstrated the exist- 
ence of physiological races of Erysiphe graminis f. sp. 
hordei. They distinguished 5 races of the organism by 
using the following 4 differential varieties: Black 
Hulless (C. I. 666) ,° Goldfoil (C. I. 928), Nepal (C. 1 
595), and Peruvian (C. I. 935). They also reported 
the reaction of the variety Heil Hanna 3 (C. I. 682). 


3 C. I. refers to the accession number of the Cereal Crops 


Section. 
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These 5 varieties were used by Tidd (18) to describe 
races 6 and 7 in 1937. Newton and Cherewick (14) 
and Cherewick (1) found 5 additional races in Can- 
ada. In these studies, they used a sixth differential 
variety, Chevron (C. [. 1111). The reaction of the 
Chevron variety could be correlated with the earlier 
work, since Mains and Martini (9) gave its reaction 
to races 1, 2, and 3, and Tidd (18) listed its reaction 
to races 6 and 7. Cherewick (1) isolated a culture 
that fitted the description of race 4, to which Chev- 
ron gave a type zero reaction. Jensen (7) isolated a 
culture in New York State that fitted the description 
of race 4 based on the first 5 differential varieties. In 
contrast to Cherewick’s isolate, Jensen’s culture pro- 
duced a type 2-3 reaction on Chevron. Jensen (7) 
also reported a race that is different from the 12 races 
reported by other investigators in North America. 

Favret (3) and Sarasola, Favret, and Vallega (17) 
found 2 races in Argentina that were distinct from 
the races reported in North America. In Japan, Hiura 
and Heta (4) isolated 2 biotypes of race 8 found in 
North America and 3 new races to which the Heil 
Hanna 3 variety was resistant. Honecker (5, 6) clas- 
sified 9 races in Germany; however, he used as dif- 
ferentials German varieties rather than the 6 vari- 
eties used by other investigators. 

Wolff (19), in 1874, made successful inoculations of 
species of Triticum with ascospores obtained from 
cleistothecia formed on those species. Both Marchal 
(11) and Salmon (16) carried out infection studies 
using ascospores from cleistothecia on H. vulgare. 
With these ascospores they infected H. vulgare and 
other species of Hordeum but not Triticum aestivum 
L., Avena sativa L., or Secale cereale L. They con- 
cluded that the infective ability of the ascospore was 
similar to that of the conidium. 

This study was undertaken to determine the patho- 
genic variability of E. graminis f. sp. hordei in North 
America. The distribution of the races in both United 
States and Canada was determined, since the survey 
of races of the organism in Canada had been dis- 
continued. A review of the previous work on the iden- 
tification of physiological races is presented to aid in 
the interpretation of the results from this study. 
Since cultures derived from ascospores were used, ref- 
erence is made to the results obtained by other work- 
ers in the use of ascospores, 

MATERIALS AND METHODS.—In this study, the 6 va- 
rieties used by Cherewick (1) were employed to dif- 
ferentiate physiological races of E. graminis f. sp. 
hordei. This made possible the comparison of new 
races found in this investigation with those reported 
by previous workers. 

The cultures were obtained from diseased plants 
either collected by the author or sent to him from 
various places in North America. When _ infected 
plants were received, they were transplanted to pots 
and placed in isolation in cages in the greenhouse. 
The conidia formed on these plants were used to in- 
oculate seedlings growing in 30025-mm tubes. When 
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leaves with cleistothecia were received, they were 
stored in envelopes in a refrigerator at 12°C, 

The cultures were maintained on seedlings of the 
Heil Hanna 3 (C. IL. 682) or the Manchuria (C. IL. 
2330) varieties. Seedlings of these varieties were 
grown either in 30025-mm test tubes or in 3- or 4- 
in. clay pots under lamp chimneys plugged with cot- 
ton. The seedlings in the test tubes were stored in a 
refrigerator at a temperature of 12°C equipped with a 
15-watt daylight fluorescent tube. The cultures in the 
tubes were transferred every 4-6 weeks. The cultures 
on plants in clay pots under lamp chimneys were 
grown for only short periods of time; this was pri- 
marily for the purpose of increasing inoculum. Meth- 
ods of obtaining and maintaining cultures from asco- 
spores formed in cleistothecia will be discussed in de- 
tail in another paper. 

The method used to inoculate the differential vari- 
eties was similar to that used by other investigators. 
Eight to 10 seeds of each variety were planted in 3-in. 
clay pots. Seedlings were inoculated in the first- or 
second-leaf stage by shaking conidia from infected 
plants on them. Although the time of day was not 
an important factor for obtaining infection, inocula- 
tions were usually made in the late afternoon because 
it was easier to control the temperature in the green- 
house during the night than during the day. Follow- 
ing inoculation, the seedlings were placed in isola- 
tion cages on greenhouse benches where the tem- 
perature was maintained at approximately 20°C. 
Readings were made 7-10 days following the inocula- 
tion. 

Many of the original cultures, especially those 
obtained from ascospores, contained more than 1 race. 
Races obtained from these cultures were purified by 
making several single pustule isolations from the 
differential varieties of Newton and Cherewick (14). 
Final identification was made on each culture only 
after several single pustule isolations had been made 
and the reaction on each differential variety was 
distinct. 

Resu._ts.—During the years 1950-1954, 6 new races, 
as well as 9 races previously reported in North 
America, were isolated. The new races were distinct 
from those reported in Argentina (3, 17) and Japan 
(4). The reactions of the 6 differential varieties to 
19 races isolated in North America, 3 in Japan, and 
2 in Argentina are given in Table 1. The data on the 
first 12 races are similar to those reported by Newton 
and Cherewick (14), and data on race 13 agree with 
those of Jensen (7). The information on races 14-19 
was obtained in these studies. The reactions to the 
3 races found in Japan were reported by Hiura and 
Heta (4), and reactions to the 2 races in Argentina 
were reported by Favret and co-workers (3, 17). 

The method by which the 24 races in Table 1 are 
distinguished from each other is shown in the analyt- 
ical key. In order to separate race 5 from those in 
Argentina, the Duplex (C.I. 2433) variety was in- 
cluded. The reaction of the Chevron variety to race 
5 was never determined; however, it is possible that 
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Taste 3.—Physiological races of the powdery mildew fungus isolated from cleistothecia on barley plants grown at various 


locations in North America from 1950 to 1954 


Year Location Z 3 } 6 
1950 Arkansas } l 
Florida 
Georgia ] 


Maryland 
North Carolina 


Ne “ York 
Oklahoma ] 
South Carolina l 
Texas l 
Wisconsin l 
British Columbia, Canad. 2 
Ontario, Canad. l 

51 North Carolina a l 
Wisconsin 
British Columbia, Canad. l 
Ontario, Canad. l 

1952 North Carolina l 
Oklahoma 
British Columbia, Canad. 9 

935 N WW York 
North Carolina 
Texas l 


54 Ceorgia 
Kentucky 
Michigan 
Mississippi 
Nebraska 
New York 
North Carolina ] 
North Dakota 


Pennsylvania 


—s 


Penne sset ] 
Texas 

Utah 2 

Virginia 

Wisconsin 


Ontario, Canad. 


Total and grand total | 15 9 9 


tinguished from those found in Japan, since the new 
races are pathogenic on Heil Hanna 3 and those from 
Japan are not. All of the new races, with the excep- 
tion of 18, can be distinguished from those found in 
Argentina by the reaction of the Goldfoil variety. The 
Chevron variety is resistant to race 18 but not to the 
races from Argentina. 

The distribution of the races of the powdery mil- 
dew fungus isolated from conidia on infected plants 
grown at various locations throughout the United 
States is given in Table 2. Most of the cultures were 
obtained from plants grown in southeastern United 
States where races 9 and 6 are most prevalent. Races 
3. 13. and 18 were isolated by C. W. Schaller from 
plants grown in California. The following races were 
obtained from only 1 state: Race 4 from Texas, races 
14 and 16 from Virginia, and race 15 from North 
Carolina. 


The races of the powdery mildew fungus derived 


from cleistothecia on leaves of plants grown at various 


Physiological race 
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locations in North America are given in Table 3. Most 
of the cultures were obtained from dried leaf mate- 
rial, but occasionally cleistothecia were present on 
plants that had viable conidia. The most prevalent 
race from British Columbia, Canada, was race 3, which 
was isolated 13 times. Race 15 was isolated 3 times 
from this area. Race 8 was most frequently found in 
material from Ontario, Canada, and from Wisconsin, 
New York, and Pennsylvania. with races 1] and 14 
being isolated occasionally. As was the case with the 
conidial material, race 9 was isolated most frequently 
from southeastern United States. 


Discussion.—Although the varieties Duplex (C. L 
2433). Kwan (C. I. 1016), Hanna (C. I. 906), and 
others were included in many of the tests, only the 
results obtained with the 6 varieties used by Chere- 
wick (1) are included. 
number of races that could be identified was increased 


As would be expected, the 


with the use of additional differential varieties. Since 
it is not possible to determine whether these are new 
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races or races tha ( id have 


earlier workers they used the additional varieties, 


they are not included this report. 
The 2 biotypes of race 8, based on the susceptibility 
Hiura and Heta (4), 


[his variety is 


of the Duplex variety found by 
(merica 


that control 


are not uncommon 


known to have > gene resistance to the 


race 3 found in California During this study, the 
Duplex variety gave reactions to cultures of race 8 
ranging from 0 to 3—4 

The infective range of ascospores in cross-inocula- 
tion studies was re ported by early workers to be simi- 
lar to that of conid Cherewick (1) was able to ob- 


the powdery mildew fungus 

held 
to isolate only 2 races from conidia 
Virginia, wer 


conidial collectior but at several lo ations more 


tain as many as 4 
was able 
Blacks- 


found in a 


where he 


Only at 


from ase ospores 


burg, than races 


than 


2 races were obtained from iscospores on a single 


variety. 


More th in | race | i, eraminis f sp hordei can 


be isolated fron i cleistothecium (15). By 
using cultures obtained from ascospores, it may be 


possible to obtain race ot the organism not previ- 


ously report d 


Several varieties have been found to be resistant to 
all North American races of the organism to which 
they have been tested 9. 12. 14, 18). Twelve genes 


have been identified that control resistance to the race 


1s 


3 found in California Preliminary studies with 


varieties that are known to have only 1 gene control- 


ling resistance to the race 3 from California indicate 
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that resistance to other races may be controlled by the 
same genes or a block of genes closely linked with 
them. 

Studies are now in progress to select individual host 
genes for resistance to use in determining the patho- 
genic variation in E. graminis f. sp. hordei. The 6 dif- 
ferential varieties now used have been found to be in- 
adequate for determining the pathogenic variation for 
resistance in the United 
For a set of dif- 
ferential varieties to be satisfactory in all countries, the 
This 


would not only increase the number of races that could 


use in breeding for disease 
States, Germany, and other countries. 
number of varieties would have to be increased. 


be identified, but it would be impossible to determine 
if they are new races or races undetected by the dif- 
ferential varieties used by earlier workers. There is 
evidence, from cleistothecal collections made in the field 
and from studies with ascospores from single cleisto- 
thecia, that new races are formed during the sexual 
phase of the life cycle of the organism. Varieties of 
resistant to more than |] 
that their re- 


sistance is governed by 1 gene or a group of closely 


known that are 


race, and preliminary studies indicate 


barley are 


linked genes. The use of individual genes in the host 
for determining pathogenic variation in E, 


helpful in breeding 


graminis 


f. sp. hordei would not only be 


programs for disease resistance, but it would make 


possible detailed genetic studies of the host and the 


pathogen. 
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WESTERN ASTER YELLOWS VIRUS INFECTION OF SQUASH, 
PUMPKIN, AND CUCUMBER ! 


J. H. Freitag * 


SUMMARY 


Symptoms of aster yellows virus infection on 
squash, pumpkin, and cucumber plants consisted 
of vein clearing, yellowing, and stunting. When 
cucumber plants became infected following experi- 
mental inoculation, they wilted and died. Naturally 
infected squash and pumpkin plants were charac- 
terized by the proliferation of numerous secondary 
shoots and green malformed flowers. 

Plants of 5 species of Cucurbitaceae became 
infected with aster yellows virus following the 
feeding of infective aster leafhoppers, Macrosteles 
fascifrons (Stal). These were of the following 
species and varieties: Cucurbita pepo L., var. Yel- 
low Crookneck squash and Early White Bush 
Scallop squash; C. moschata Duch., var. Kentucky 
Field pumpkin; C. mixta Pang., var. Green Striped 
Cushaw pumpkin; C. maxima Duch., var. Warted 


Hubbard squash; and Cucumis sativus L., var. 
National Pickling and Early White Spine cu- 
cumber. 

Aster yellows virus was transmitted from nat- 
urally infected squash and pumpkin plants by the 
aster leafhopper to plantain test plants and from 
naturally infected squash by the leafhopper Colla- 
donus montanus (Van Duzee) to celery test plants. 
The virus was identified on the basis of the symp- 
toms that developed on plantain, celery, and aster 
test plants. The virus was transmitted by grafting 
from naturally infected squash plants to healthy 
squash plants. Leafhoppers of the species Colla- 
donus montanus (Van Duzee) collected in a squash 
field were found to be naturally infective with re- 
spect to aster yellows virus. 





Symptoms of infection by aster yellows virus have 
been observed on squash and pumpkin in the Sacra- 
mento valley of California for the past 3 years (1953 
1955). During the summer of 1954, almost all plants 
in one 20-acre field of Yellow Crookneck squash, 
which were being grown for seed near Grimes, Colusa 
County, were infected with aster yellows virus. Dur- 
ing the same year, about 20 per cent of the plants in 
a pumpkin field near Yuba City in Sutter County were 
infected. 

Kunkel (7) demonstrated that the aster yellows 
virus has a wide host range and reported more than 
170 species in 38 different families of plants as sus- 
ceptible to the virus. Severin and Frazier (8) re- 
ported natural infection in 14 species of vegetables 
in 6 plant families. Kohler and Klinkowski (6, p. 683- 
689) list 270 species of plants in 39 families as hosts 
of aster yellows virus. Their inclusion of Cucurbita 
maxima Duch. and C. pepo L. as hosts apparently is 
based on the observations of plant disease survey 
workers, 

Cassells (1, 2, 3) observed symptoms resembling 
those caused by aster yellows on summer squash 
plants in New England. 

MacLeod, according to Conners and Saville (4, p. 
70; 5, p. 78), reported squash and pumpkin plants 
with symptoms resembling those caused by aster yel- 
lows virus at Fredericton, New Brunswick, Canada. 
He graft-transmitted a virus to healthy squash and 
pumpkin plants but failed to transmit it to cucumber 
and melon plants (4, p. 70). He suggested a strain of 
aster yellows virus as the cause of the disease. There 
appear to be no published reports of any experimental 


1 Accepted for publication January 29, 1956. 
* Professor of Entomology and Entomologist in the Ex- 
periment Station, University of California, Berkeley. 


work demonstrating the experimental or natural trans- 
mission by leafhoppers of aster yellows virus to any 
species of Cucurbitaceae. 

The present paper is concerned with the experi- 
mental transmission to squash, pumpkin, and cucum- 
ber plants of aster yellows virus by the aster (6- 
spotted) leafhopper, Macrosteles fascifrons (Stal). 
The virus was acquired by leafhoppers from both 
naturally infected cucurbits and from cucurbits that 
had become infected following experimental inocula- 
tion, and it was transmitted to test plants of species 
on which symptoms of the virus could be positively 
identified. The symptoms caused by aster yellows 
virus on field- and greenhouse-grown cucurbits are 
described. The virus was graft-transmitted from dis- 
eased to healthy squash plants. 

MATERIALS AND METHODS.—The squash, pumpkin, 
and cucumber plants were grown from seeds in 4-in. 
clay pots and inoculated with aster yellows virus soon 
after the first 2 leaves had developed. The plants 
were enclosed in a cylindrical cage 8 in. in diameter 
and 12 in. in height. The cage consisted of a cloth- 
covered wooden frame and had a glass front. 

The infective aster leafhoppers, Macrosteles fasci- 
frons (Stal), were reared on infected common plan- 
tain, Plantago major L. The aster yellows virus was 
a western strain of the virus that has been maintained 
in the greenhouse at Berkeley for more than 20 years. 
The noninfective aster leafhoppers were reared on 
Sacramento barley, which is immune from the virus. 
Male leafhoppers were used in all tests to avoid egg 
deposition in the inoculated plants. Transfer of leaf- 
hoppers was accomplished by use of an aspirator. 

Common plantain, celery, and aster test plants were 
grown from seed and transplanted to 4in. clay pots. 
The test plants were usually in the 4 to 6-leaf stage 
when exposed to leafhoppers. 
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It was usually not possible to transplant the large 
field-grown naturally infected squash and pumpkin 
plants to clay pots Infected shoots were cut off, 
wrapped in moist newspapers, and brought to the 
greenhouse. The shoots were then caged with the cut 
stems extending int i jar of water Noninfective 


leafhoppers were fed on these green shoots for a perl- 


od of 2 days or more 

INFECTION OF CUCURBITS FOLLOWING EXPERIMENTAI 
INOCULATION WITH ASTER YELLOWS VIRUS Greenhouse- 
grown plants of 5 species of cucurbits became infect- 
ed with aster yellows virus after they had been fed 
upon by 10—25 infective iste! leafhoppers for several 
days. Symptoms developed in inoculated plants of the 
following varieties at species: Cucurbita pepo iss 
var. Table Queen sq h (10 infected of 10 inocu- 
lated), Yellow Crook: k squash (18 of 24), Early 
White Bush S illop squash (24 of 36); ¢ moschata 
Duch., var. Kentucky Field pumpkin (5 of 10); C. 
mixta Pang., var. Green Striped Cushaw pumpkin 
(17 of 22): C. maxima Duch., var. Warted Hubbard 
squash (4 of 10); Cucumis sativus | var. National 
Pickling cucumber (15 of 30); Early White Spine 
cucumber (3 of 12 None of 20 inoculated plants of 
Cucumis melo | Persian melon, developed 
symptoms 

SYMPTOMS ON EXPERIMENTALLY INOCULATED PLANTS. 

Twelve to 14 days after inoculation. Early White 
Bush Scallop and Yellow Crookneck squash plants 


cle irin that followed 


develope d prominent I vu wads 
by vein vellowin downward cupping of the 
leaves. The plants became chlorotic and stunted, and 
young leaves were severely dwarfed. Secondary shoots. 
which developed in the axils of the leaves, had short- 
ened internodes and bore stunted chloroti leaves. 
These squash plant lid not produce as many sec- 
ondary shoots as naturally infected field plants. how- 
ever, and consequently ever developed a_witches’- 
broom appearance The secondary shoots were also 
more severely stunted than those on naturally infect- 
ed plants The leaves on infected plants were some- 
what thickened and | wollen and raised veins. The 
stems developed dark gree raised, ribbed areas. 

Pumpkin plants d oped vein clearing. yellowing, 
stunting. and eithe ird or downward cupping of 
the younger leaves. Secondary shoots developed from 
leaf axils. and interveinal yellowing of leaves was 
noted on som impkir S 

Infected cucumber plants became stunted and chlor 
otic and developed dwarfed terminal leaves The in- 
termediate leaves were yellow, and they rolled up- 


ward at the margins. The infected cucumber plants 


usually wilted and di within 5-10 days after the 
first symptoms app 

The symptoms produced on inoculated cucumber 
plants in the greenhouse are similar to those observed 
in the field in areas where aster vellows virus has 
been a proble n 0 ther host plants Cucumber 
plants in the field have been observed to become vel- 
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The 
of infected plants in the field is like that expected 


low, to wilt, and to die. scattered distribution 
for a virus disease; however. limited attempts to re- 
cover aster yellows virus from such field cucumbers 
have not been successful. During the summer of 1953, 
i grower in the Sacramento valley reported the total 
According to the 
This field of cu- 
distance from the 
field of squash, previously that suffered 
100 per cent loss during the following year. 
It would that yellows virus may have 


been responsible for the failure of the cucumber crop. 


failure of a cucumber planting. 

grower, the plants wilted and died. 
cumbers was located only a short 
mentioned, 
almost 


appear aste! 


SYMPTOMS ON 
PUMPKIN 


NATURALLY 
Naturally 


dwarfed. 


INFECTED SQUASH AND 
PLANTS. infected squash plants 
secondary 
In ad- 
dition, numerous shoots arose from the axils of leaves 


were chlorotic and and many 


shoots developed from the axils of the leaves. 
on the secondary shoots, and this gave the squash 
plants a bushy or witches’-broom appearance (Fig. 1, 
\). Some of the younger leaves showed vein clearing, 
and most were dwarfed, yellow, and misshapen. Many 
The leaves usually 
were stiffened, rigid, and somewhat thickened, with 


were borne on elongated petioles. 


Infected plants 
the field because of 
spicuous yellowing and dwarfing of the young leaves 


enlarged midribs and lateral veins. 


were easily detected in the con- 
and the rigid, erect habit of the terminal shoots. The 
flowers were malformed and green, often with leafy 
bracts. borne on 


ms 


small malformed fruits that were lighter than normal 


and were abnormally elongated 


peduncles (Fig. 1, Diseased squash plants bore 


in color and contained thin seeds that were not viable. 


Pumpkin plants naturally infected with aster yel- 


lows showed yellowed older leaves with various de- 


grees of marginal burning: in extreme cases, the en- 


tire leaves became dry. Secondary shoots with short- 
ened internodes and stunted yellow leaves developed 


(Fig. 1. B). 


fruits developed on infected plants. 


from the axils of the leaves Few or no 


LEAFHOPPER 
FROM NATURALLY 


TRANSMISSION OF ASTER YELLOWS VIRUS 


INFECTED PLANTS TO TEST PLANTS. 


) 


Noninfective aster leafhoppers were fed for 2—4 days 


on field-grown squash plants suspected of being in- 


fected with aster yellows virus. The insects were then 
transferred, for a period of 1 month each, to 2 suc- 
cessive healthy plants of common plantain, Plantago 
major L. The leafhoppers acquired virus from 3 of 6 
naturally infected Yellow Crookneck squash shoots on 
which they were fed and infected 8 of 12 plantain test 
from naturally in- 


tests. The aster leafhopper 


The virus was transmitted 
’ 


fected pumpkin in 1 of 2 


plants. 


acquired virus from 2 of 3 Yellow Crookneck squash 
that 
mental inoculation, and these leafhoppers transmitted 
The leafhopper Colla- 


plants developed symptoms following experi- 
the virus to 3 of 6 plantains. 
donus montanus (Van Duzee) acquired virus from 2 
of 4 naturally infected squash plants and transmitted 
it to 3 of 12 


hoppers acquired virus from diseased plantains that 


celery plants. Noninfective aster leaf- 
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Fic. 1. Terminal shoots of plants naturally infected with western aster yellows virus. A) Yellow Crookneck squash 


showing green malformed flowers and numerous secondary 
showing secondary shoots and chlorotic rolled leaves. 


had become infected following inoculation with virus 
from naturally infected squash plants. They trans- 
mitted virus to 4 of 4 asters tested. All infected plan- 
tain, celery, and aster plants developed symptoms 
typical of those caused by aster yellows virus. 


GRAFT TRANSMISSION OF ASTER YELLOWS VIRUS FROM 
NATURALLY INFECTED SQUASH.—Aster yellows virus was 
transmitted by grafting from naturally infected Yel- 
low Crookneck squash plants to healthy Early White 
Bush Scallop squash plants. A wedge-shaped piece 
of tissue was removed from the leaf axil of a healthy 
squash plant. and a wedge of tissue from a lateral or 
terminal shoot taken from a naturally infected squash 
plant was promptly inserted into the cut. The graft 
was then wrapped with string. In the first test, 3 of 6 
plants developed vein clearing, yellowing, stunting. 
and secondary shoots. In a second test, 6 of 6 grafted 
plants developed symptoms typical of those caused by 
aster yellows virus. The incubation period varied 
from 28 to 54 days. 


LEAFHOPPER VECTOR RESPONSIBLE FOR FIELD TRANS- 
MISSION OF ASTER YELLOWS VIRUS TO SQUASH.—An at- 
tempt was made to determine the natural leafhopper 
vector of aster yellows virus in the Sacramento Valley 
squash field in which almost all of the plants were in- 
fected. In September, 1954, 500 sweeps with an insect 


shoots resulting in a witches’-broom effect. B) Pumpkin 


net resulted in the capture of only 3 specimens of 
Colladonus montanus (Van Duzee) in this field. Four 
additional specimens were collected in an adjacent 
cantaloupe field. No specimens of Macrosteles fasci- 
frons (Stal) were found. A much higher population 
of one or both of these leafhopper species must have 
been present earlier in the spring or summer to ac- 
count for the high incidence of disease in this field. 


The 7 specimens of C. montanus collected in the 
squash and cantaloupe fields were transferred to suc- 
cessive healthy squash plants at 2- to 4-day intervals 
to determine if they were naturally infective. Three 
of 7 squash plants on which the leafhoppers fed de- 
veloped symptoms identical to those caused by aster 


yellows virus. 


Discussion.—The high incidence of the disease on 
cucurbits prompted the study of the cause. The ex- 
planation for this high incidence and apparent sudden 
appearance of aster yellows virus on cucurbits and 
certain other host plants not previously recognized to 
be host of the virus is not known. Perhaps a new 
strain of virus has developed; however, the virus re- 
covered from naturally infected cucurbits does not ap- 
pear to differ from western aster yellows virus as 
known for over 25 years in California. The most like- 
ly explanation is that during previous years environ- 
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lected on insect numbers during the years in question, 
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NUTRIENTS ON PION OF 


PONIA SOLANI! 
Kernkamp * 


INF E¢ 


SUMMARY 


levels of calcium and magnesium 
used. The calcium-deficient 
plants were poorly organized, with thin cell walls, 
poorly developed middle lamellae. and large inter- 
cellular This condition apparently allowed 


by the different 


cortical tissues of 


spaces, 





Sovbeans re ilated with Rhizoctonia solani 
and grow! culture w deficiencies of 

( ileium magnes ror sulfur nitrogen, phos 

phorus, or pota \ deficiency of any of these 

elements except pot im inereased the severity of 
infectior I t | other t in dehciency con 
ditions, the ree t int tion was not influenced 

Field obs tio gested that deficiencies of 
certain mine in some Minnesota soils 
predispose so ins 1 fection by R/ onia solani 
Kiihn. Accordi lata furnished Kernkamp 
et al ind by K hceiencit of calcium and 
magnesiun tr ture of soybe s in the green- 
house made ther eptible t ck by R 
solani. Deficier nd esium were 
associated wit opment of cell walls and 
middle lame lt ssues of soybean roots 
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easy penetration and invasion by hyphae of the 
pathoge n 
and stems, and this allowed easier penetration and 


ramification of hyphae of R. solani in those tissues. 
Khan, made no tests on the effects of 
different these but studied 
complete absence from the nutrient solutions. 
therefore, to Khan’s 
could be and if 
lifferent levels of the 2 minerals would influence the 
With this knowl- 
of caleium 
aid in 


however. 


levels of minerals, only 


thei 


It was desirable, determine if 


preliminary results corroborated 


infection of soybeans by R. solani. 


edge, presumably applications 


propel 


ind magnesium could be recommended as an 


the control of certain circumstances. 


the 


root rot under 
In addition, tests 


iron, nitrogen, phosphorus, sulfur, and potassium on 


were made on influence of 
the degree of infection of soybeans by R. solani. 


solution 


Sach’s normal 


MATERIALS AND METHODS | 
with the following composition was used in the tests: 
CaSO, e 4H.O, 0.25 g; CaH,(PO,). e HO, 0.25 g; 
MgSO, e 7H.O, 0.25 g; NaCl, 0.08 g: KNOs, 0.70 g; 
FeCl, e 6H.O, 0.005 g: water, 1000 ml. The solutions 
were prepared with double-distilled water and C.P. 
grade chemicals. 
Tests 


containing new white sand th: 


made in glazed crocks 
it had been treated with 


with nutrients were 
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hydrochloric acid and washed in distilled water. 
The nutrient solutions were prepared so that calcium, 
iron, nitrogen, phosphorus, sulfur, magnesium, or 
potassium was absent from each treatment, and the 
complete solution served as a check. The solutions 
were applied to the crocks by the “slop culture” 
method.® 

The variety Ottawa Mandarin soybeans was used 
throughout the studies, and 25 seeds were planted in 
each crock. Ottawa Mandarin was selected because 
it is somewhat more resistant to Rhizoctonia than 
some others, and it was anticipated that there would 
be more differentiation among treatments than there 
would be with a more susceptible variety. 

Two races of R. solani, 1B4 and CT1C, were used. 
A race. as used here, is a culture that originated from 
a hyphal tip and was known from previous studies 
to differ culturally and pathogenically from other 
cultures of similar origin. Both of these races were 
originally isolated from field grown soybeans. 

The inoculum was prepared by growing the 2 races 
separately in potato-dextrose broth in 250-ml Erlen- 
meyer flasks. The fungus mats were chopped with a 
Waring Blendor, and 100 ml of aqueous suspension of 
mycelium was added to each crock. The 9 treatments 
used with each race are indicated in Table 1. Each 
treatment, which was replicated 3 times, consisted of 
1 glazed crock with 25 soybean seeds treated with 1 
of the nutrient solutions (Table 1). There were 9 
treatments, and the experiment was made _ twice; 


therefore, there were 18 crocks in each replicate. 


The tests were made in a greenhouse operating at 
27°C +5. After 3 weeks the plants were removed 
from the sand, and notes were recorded on the per- 
centages of dead and infected plants in each treatment. 

EXPERIMENTAL RESULTS. 
nutrient solutions used in the tests and the percentages 
of dead and infected plants in each treatment for the 
The effects 
of these treatments on soybeans are illustrated in 
Figure 1. It is obvious that race IB4 was much more 
virulent than CTIC. Also, it is obvious that deficien- 
cies of the various nutrients influenced the degree of 


The composition of the 


2 races of R. solani are given in Table 1. 


infection of soybeans by the races of R. solani. 

The results with deficiencies of calcium and magne- 
sium agree with those reported by Khan,* although the 
general level of infection was not so great. Khan used 
a different race and reported the following: 27.5, 68.0. 
and 42.5 per cent dead plants. respectively, with the 
check. calcium deficient solution, and magnesium de- 
ficient solution. The data in Table 1 are in relative 
proportion to the data presented by Khan. 

To determine if different levels of calcium and 
magnesium would have the same general effect as 
deficiencies. solutions containing 0.001. 0.002, 0.003. 
and 0.004 M solutions of calcium and magnesium were 
supplied to soybeans inoculated with race IB4 of R. 


° Bonner, J. and A. W. Galston. 1952. Principles of 
plant physiology. W. H. Freeman and Co., San Francisco. 
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TABLE 1.—Average percentages of dead and infected plants 
induced by 2 races of Rhizoctonia solani on soybeans 
grown in nutrient solutions deficient in certain 
elements 


Percentage of dead and 
infected plants” 
Race IB4 Race CTIC 
Dead Infected Dead Infected 


Treatments" plants plants plants plants 


Plants not inoculated 
Complete nutrients 0.0 0.0 0.0 0.0 
Plants inoculated 


Complete nutrients 2.7 48.0 1.3 12.0 
Minus Ca 12.0 86.7 11.3 36.0 
Minus Fe 14.7 83.7 13 38.7 
Minus N 6.7 72.7 1.3 16.7 
Minus P 7.3 68.0 0.0 17.3 
Minus S 10.0 62.7 0.0 16.0 
Minus Mg 5.3 60.0 0.0 16.7 
Minus K 4.7 50.7 0.0 13.3 


“Each treatment consisted of 1 glazed crock contain- 
ing 25 soybean seeds and treated with 1 nutrient solution. 
» Average of 2 tests with 3 replicates for each treatment. 


solani. In these tests, the degree of infection of plants 
grown at the lowest level of the 2 minerals did not 
differ significantly from that of plants grown at the 
highest levels. It was concluded that even slight 
amounts of the nutrients were adequate for the plants 
to carry on normal processes and to ward off attacks 
by R. solani. 

The plants grown with calcium-deficient nutrients 
had a poor root system, very soft tissues, and slightly 
smaller leaves. The cortical cells of calcium-deficient 
plants were thin, and there were large intercellular 
spaces. The middle lamella was difficult to distinguish, 
and in some cells it was disintegrated, apparently be- 
cause of the lack of calcium. These results corroborate 
those reported by Kernkamp et al® and support the 
theory that the cortical tissue of calcium-deficient 
plants is poorly constructed, allowing for easier 
penetration and invasion by hyphae of R. solani. 

Deficiencies of iron, nitrogen, phosphorus, and 
sulfur also had a marked influence on infection of 
plants by race IB4. Some differences were apparent 
in experiments with race CTIC; however, the latter 
was weakly pathogenic, and the differences were very 
slight, although the trend was the same. 

Discussion.—The deficiency of nitrogen in relation 
to root rot might have some significance. In these 
tests, nitrogen deficiency was associated with a high 
degree of infection. In other tests made by the junior 
author, it has been observed frequently that nodula- 
tion is very poor or lacking when soybean plants are 
affected with root rot. Thus the implication is that 
plants grown in soils deficient in nitrogen, or plants 
deficient of nodulation, may be predisposed to infec- 
tion by R. solani. 

The relationship between iron deficiency and _ in- 
fection by R. solani may be of great significance from 
a practical standpoint in Minnesota. It is well known 
that soybeans suffer from iron chlorosis in many 
parts of the soybean-growing area of this state. The 
junior author and his associates frequently have 
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Fic. 1. Effect of nutrient deficiencies on infection of soybeans by 2 races of Rhizoctonia solani. A) Race IB4. B) Race 
ric. 1) Contro t inoculum) plus complete nutrients. 2) Inoculated, plus complete nutrients. 3) Inoculated. 
ninus calciur both d, minus irot ») Inoculated, minus nitrogen. 6) Inoculated, minus phosphorus. 7) 
Inoculated, mit sulf [Inoculate ninus magnesium. 9) Inoculated, minus potassium 
observed that root rot severe in patches of soybeans Deficiency of sulfur may or may not be of practical 
that also have ty] symptoms of iron chlorosis. importance in Minnesota, although it did predispose 
Thus it is possible t { I iry trom root rot might be plants to infection in these tests. 
P llevi: tec to some extent bv ti prope j j | . . 
i 1 | I é propel application Potassium defi lencies did not appear to be signih- 
of iron to soybean helds According to Bennett® and —— , 
cant in these studies. Infection was limited to a few 
King, Tveit nd baskil these deficiencies can be ; 
small lesions whose edges healed promptly. In most 
corrected by spray ( < of plants with ferrous 


ulfat cases the lesions did not girdle the stems. In general 
s ate . . 
the results with potassium-deficient nutrients were 


very similar to those of the inoculated checks. 


chlorosis wit] rol ( I Agr bexy Sta Cir. 52 |, 
12 p. 
™ King. T. H.. M ta: => 1950. Sprays DEPARTMENT OF PLANT PATHOLOGY AND BOTANY 
i cont 1 ae fax and strawben grown on UNIVERSITY OF MINNESOTA 
alkaline s VM é Abs Phytopathology 40 INSTITUTE OF AGRICULTURI 
14-15 St, Paut 1, MINNESOTA 
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AN INEXPENSIVE MULTIPURPOSE SOIL STEAMER! 


Chester N. Roistacher and Kenneth F. Baker 


SUMMARY 


4 small, inexpensive, multipurpose unit for 
steaming soil has been developed. It consists of a 
wooden box that can hold 21 cu. ft. of bulk soil, 16 
flats of soil, or 150-1000 empty clay pots. A grid 
of pipes with regularly placed orifices is so located 
in the box that no particle of soil is more than 6 in. 
The attainment of 212°F is, 
With a steam flow 


from steam sources. 
therefore, rapid and uniform. 


rate of about 175 lb./hour (5 delivered boiler 
horsepower), this level is reached by moderately 
moist soil in approximately 30 minutes. This temp- 
erature can then be easily maintained for the 
requisite half hour. Units of this type have been 
extensively and satisfactorily used over a 7-year 
period to free soil of a wide range of fungi, 
bacteria, nematodes, and viruses. 





The search for a small inexpensive unit for steam 
treatment of soil has led through many modifications 
to the present design. The equipment here described 
can be used for bulk soil, flats with or without soil, 
or empty pots or cans 7 in. or less in diameter. It can 
if portability is 
mounted on (additional 
A unit of this general 


be set in a permanent location, or 
desirable it can be wheels 
bracing must then be added). 
design has been in use for 7 years at the Department 
of Plant Pathology, University of California at Los 
Angeles. Other similar units have been constructed in 
California and by the Department of Agriculture. 
Pretoria, South Africa; all have proved successful in 
operation. It is especially recommended for Uni- 
versity and Experiment Station greenhouses and small 
general nurseries where compactness and versatility 
in a sterilizer are desirable. 


When 


equipment provides one of the most dependable, con- 


modified to have a fixed front panel, the 


venient, and efficient units available for treatment of 
a stationary bulk mass of soil. It may be built in any 
desired size, or two such units may be built in 
tandem so that one is steaming while the other is 
being filled. The latter 
advantages of continuous-output type equipment with 


arrangement combines the 
the efficiency of the stationary-soil type. 
CONSTRUCTION AND OPERATION. — Resin-impregnated 
marine plyboard must be used in construction, since 
other plyboards will deteriorate when steamed. All 
inside vertical corners should be fitted with triangular 
pieces of wood to prevent air pockets or cold corners 
(Fig. 1). 


rows (Fig. 1. 2) so that flats can be set on them or 


Pipes are arranged in 4 vertical, parallel 
pots and cans can be lowered between the pipes from 
the top. Openings are provided at the top by a hinged 
cover and at the side by a removable front panel 

removed by 


(Fig. 1). sulk soil is 
) 


hinged reinforced bottom board (Fig. 2). 


lowering the 
This bottom 
piece is held in place. when closed. by 2 large bolts 
placed through the steel legs. 

lower the 


\ number of devices may he used to 


bottom when the unit is full of soil. One device illus- 


’ 
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trated uses a Yale “Pul-lift” chain hoist of %4-ton 
capacity (Fig. 3, The “Pul-lift” operates by 
means of a ratchet; short strokes on the handle lower 
the load, and the handle cannot fly back to injure the 
operator. This device can be used either on a portable 
unit or on a stationary unit. After use, it can be 
removed and used for other purposes if desired. The 
projecting iron piece on the bottom of the cooker may 
interfere with shoveling of the dumped soil. Where 
a stationary unit is built, a chain hoist will accomplish 
the same lowering action provided suitable ceiling 


top}. 


Another excellent lowering 
Atlee Burpee Co., Lompoc, 
California, is diagrammatically sketched in Figure 3 
(bottom). This effective device lacks the mechanical 
simplicity and removable feature of the chain hoist 
or “Pul-lift” hoist, but has no obstruction to shoveling 
the dumped soil. 


anchorage is available. 
device in use by the W. 


The capacity of the box is approximately 21 cu. ft. 
and is designed to accommodate 16 flats (18 * 18 » 
3 in.). It will sterilize up to 150 empty 7-in. pots, 
200 6-in. ; ots, or 1000 4in. pots. The box stands 
42 in. high and occupies a space approximately 42 
52 in. 

A valve located just above the lower layer of pipes 
(Fig. 2) can be used to shut off steam from the upper 
pipes; in this way, the lower layer alone may be used 
for treatment of flats or pots or of a small quantity of 
soil or sand. When this valve is open, steam is dis- 
tributed to all pipes. The pipes are so located that no 
particle of soil is more than 6 in. from several steam 
outlets; 
efficient. and uniform penetration of heat is realized. 


thus with adequate steam input a very rapid, 


This design is an improvement of the early Rudd type 
of steamer”, in which the steam was introduced through 
a perforated pipe in the bottom of a bin of soil 4% ft. 
deep. The present unit is faster (steam moves 6 in. 
instead of 4% ft 


venient to use 


easier to unload, and more con- 


The introduction of steam through a header centered 
in the piping on the side of the box might be preferable 
for more even distribution; however, design considera- 


2 Rudd, W. N. 1893 
9 (278): 171. 


Killing grubs in soil. Amer. Florist 
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steamer supplied with a steam flow of 148 lb./hour, in the 
case of thermocouples No. 1-11, and of 166 |lb./hour for 
thermocouple No. lla. Note that No. 11 heated much more 
rapidly than No. lla, even though it was in a series with 
steam input. This resulted from the elimination of 
the “cold corner” by the triangular corner block. The soil 
ised was a U. C. type mix (50 per cent fine sand and 
90 per cent Canadian peat) with a 9 per cent moisture 
content. The curve for thermocouple No. 4 is also typical 
of those of No. 2, 6, and 8: that for No. 9 is also representa- 
No. -k 3, that for No. 5 is 


lower 


tive of those for and also 


typical of No. 10. 


in the bottom corners to indicate when 212 F is 
reached. Should copious steam blow out of the box 
before this time, the main steam valve should be 


turned down to a trickle. For effective treatment the 


soil should be held at a temperature of 212°F for at 
least a half hour before dumping. 
The usual recommendation of heating soil to 160 


followed only in equip- 
the heat 


however. 


for 30 minutes can be 
the 


In units with a stationary 


180°F 


ment in which soil mass is moved past 


source. soil mass. 


it 
912 


a moving 


s not feasible to stop the temperature rise below 
Fk because 1) steam advances through the soil as 
front of width*:4, 


efhcient rate of steam flow, or close to a steam input, 


varving and 2) with an 


the rate of temperature rise is very rapid (thermo- 


couples 4, 5, 9, and 11 of Fig. 4). In most equipment 


only the small amount of soil most distant from the 


steam input is heated to less than 212°F, and even this 
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Agr. Exp. Sta. Bul. (In press) 
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often reaches that temperature within 30 minutes after 
the minimal 180°F has been attained (thermocouple 
lla of Fig. 4). Furthermore, the additional cost of 
attaining 212°F is usually insignificant. and soil tox- 
icity from steam treatment is easily eliminated by use 
of an inert medium similar to a University of Calli- 
fornia type of soil mix. For these reasons, the treat- 
ment temperature for equipment with a stationary soil 
mass is best given as 212°F for 30 minutes, but may be 
stated as 180°F at the coolest point in the soil for 30 
minutes* 

The efhciency of 1 version of the pasteurizer was 
determined by use of thermocouples located at various 
points in a filled and operating unit. The model tested 
was made of sheet stainless steel and lost heat by 
radiation; the results therefore exaggerate somewhat 
the steam requirements to be expected of one con- 
structed of wood. Thermocouples were located as 
follows: No. 1—against the bottom, centrally located; 
No. 2. 3. and 4—located on a diagonal between the 

lower layers of pipes. centrally between the steam 
outlets (No. 2 was about 1% in. diagonally upward 
from the lower pipe, No. 4 about the same distance 
downward from the top pipe, and No. 3. centered 
between them); No. 5—against a side, centrally 
located: No. 6, 7, and 8—same relative position as 
2, 3. and 4, respectively. except located between the 
upper 2 layers of pipes; No. 9—on upper soil surface, 
centrally located; No. 10—on upper soil surface, in 
one corner; and No. 11—against the bottom in one 
corner, In 1] test a triangular piece of wood compar- 
ible to that specified for the wooden mode] held the 
thermocouple (No. 11) against the bottom and about 


l15 in. from the corner. 


A SMALL-SCALE FIELD TEST 
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Results of the tests showed that at a steam flow of 
148 lb./hour (about 4.3 delivered boiler horsepower or 
1.3 lb./hour/orifice), 212°F is attained in all parts of 
the unit in 30 minutes. Representative data are shown 
graphically in Figure 4. Comparison of readings given 
by thermocouples 11 and lla shows the need of the 
specified triangular wood block to eliminate slow- 
heating “cold corners”. Other tests run with steam 
flow rates of 68 and 75 lb./hour (about 2 boiler horse- 
power) showed that such a quantity is too small for 
effective operation of the unit. At these rates the 
corners reached only 110°F in 60 minutes, because of 
the marked heat loss and the fewer steam sources 
there. 

Extensive use of the unit in routine soil treatment 
in the Department for 7 years has given completely 
satisfactory elimination of a wide range of pathogens 
from heavily infested soil. Among the many organisms 
eliminated were Rhizoctonia solani Kiihn, Pythium 
ultimum Trow, Fusarium oxysporum {. callistephi 
(Beach) Snyd. & Hans., Thielaviopsis basicola (Berk. 
& Br.) Ferr.. Alternaria zinniae Pape, Verticillium 
albo-atrum Reinke & Berth., Xanthomonas pelargonii 
(Brown) Starr & Burk., Corynebacterium fascians 
(Tilford) Dows., Meloidogyne spp., Pratylenchus 
pratensis (de Man). and tobacco mosaic virus. 

The advantages of this unit lie in its rapid and 
efficient use of steam, its inexpensive and simple con- 
struction, its dependability and few moving parts, and 
its general adaptability for sterilizing various types of 
containers as well as bulk soil. 

DEPARTMENT OF PLANT PATHOLOGY 


L NIVERSITY OF CALIFORNIA 
Los ANGELES 24, CALIFORNIA 


FOR EVALUATING FUNGICIDES ! 


Curt Leben.- Peter H. Tsao. and G. W. Keitt 


SUMMARY 


\ small-scale field test for the evaluation of fun- 
cicides in the control of tomato early blight is de- 
scribed. A high level of artificial inoculum was 


maintained by weekly applications. Bimonthly ap- 
pt J 


plications were less effective. Four proprietary 
fungicides were tested 2 seasons, and the antibiotic 
oligomycin for 1. The method has merit in that 
land, labor, equipment, and test chemical require- 
ments are small. 





In the study and development of fungicides for the 
control of the leaf-spotting type of disease, there is 


Accepted for publication January 16, 1956. Published 


with approval of the Director of the Wisconsin Agricultural 
Experiment Station. We wish to express our thanks to 
Glenn S. Pound for his assistance. The oligomycin was ob- 


tained through the courtesy of Drs. Elizabeth McCoy and 
W. H. Peterson, of the Departments of Bacteriology and 
Biochemistry, respectively, University of Wisconsin 

- Present address: The Lilly Research Laboratories, Eli 
Lilly and Company, Indianapolis 6, Indiana. 


need for small-scale field techniques capable of giving 
an indication of field performance of test materials. 
Many field tests have the weakness of placing reliance 
on natural inoculum for infection and of being costly 
in terms of the land, labor, equipment, and test chemi- 
cals necessary for their execution. Variations in the 
natural inoculum and the weather often prevent devel- 
opment of a usable level of disease each year. There 
may also be high interplant variability in a given sea- 
son. It would be expected, then, that materials could 
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be tested with less de \ nd with fewer numbers of 


plants if disease can be produced at a high level and 


the seasonal and terplant variables reduced One 
approach to these ¢ ] - through artificial inocula- 
tion. It Is obvious ¢ pathogen should be placed 


evenly on all plants. Ideally. it should be 


infection will take place 


present in 
very large imounts Some 
enough 
t: with a large number of in- 


isable 


environmental conditions 


under marginal environmental conditions if 


infective units 


fective units. therefore level of disease may 
be obtained even the the 
are not optimun 


With these idea 1, the 


iuthors devised small- 


scale field experiments with the early blight disease of 
tomato This paper iccount of experiences with 
these tests durit ) growing seasons 

MATERIALS AND Metuops.—-Seedling tomato plants 
(Bonny Best variety vere set in the field on an 
8 x 8-ft. grid and staked This permitted tractor 
cultivation. Pr tem was continued through 
the first half of tl rowing seasol! There were 6 
replicate plots eacl f which consisted of |] plant ot 


each treatment. Wit plots, treatments were arranged 


in random orde1 


Test chemicals were praved on the plants once a 
week, startir i nth alter planting ind con- 
tinuing tor ¢ or 8 we : depending on the season. Pro- 
prietary preparat vere mixed in the spray tank 
just prior to their apy ition to plants. Oligomycin 
was dissolved in « before addition to the spray 
tank (final ethano entration, 5 per cent a white 
microsuspension resulted. For the 6 plants of a single 
treatment, 3 liters or less of spray material was 
sufhcient for each appl tion 

From 2 to 4 days after each application of chemicals. 


effected by spraying chopped 


artificial inoc 


hyphae of Alterna: Ell. & G. Mart.) L. R. 
Jones & Grout ont plants. This was done at sunset 
so that dew. whicl ially formed during the night. 
would provide I sture for intection 

For culturing Ke ni, 1 liter of liquid medium 
(g/l: sucrose, 30; NaNO, 2; K.HPO,. 1; MgSO, e 
7H.O0, 0.5; KCl, 0.5, Fe,(SO, 0.0] per 4-liter 
Erlenmeyer flask was used. Flasks were plugged and 
autoclaved [wo ! I ks were seeded with a sus- 
pension of spores ¢ f derived from a_ potato- 
glucose agar bottle slant culture. These cultures had 
been seeded 1-2 weeks and kept at 20°C No special 
treatment of this ts ite of A. solani was required tor 


the productior of spores The seeded flasks were 
shaken 7-10 days at 2¢ on a reciprocal shaker mak- 
15-cm stroke. The 


heavy green growth from each flask was filtered with 


ing 65 evcles per ! nute with a 


coarse paper in a Buchner funnel and washed with 


500 ml of water. 7 mp hyphae from 1 flask and 


500 ml of water wer lded to a Waring blender and 
chopped for 3-5 minutes. The resulting suspension 
was filtered through xe paper. Fragmented hyphae 
were resuspended 00 ml of water and again 
chopped briefly noculation of plants, 2 such 


suspensions were pooled and diluted to 9 liters, which 
was the maximum amount used. This concentration 
left a visible deposit on the plant. 

Although no spores were produced in shaken flasks, 


preliminary studies in the greenhouse showed that 


inocula prepared as above incited leaf and stem lesions 
incited by spores. In 


from those 


water drops, hyphal fragments produced young hyphae 


indistinguishable 
readily. Large amounts of hyphae were produced in 
14-liter aerated tanks of a type used for the production 


When 


above, this material also was highly infective. 


of antibiotics*. made into a suspension as 
It was 
not used, however, because the size of the tests did 
not warrant the effort required to produce so large an 
week, and we had no in- 


amount of inoculum each 


formation as to its infectiveness after a period of 
storage. The use of tank-fermentation equipment would 
be advantageous for extensive tests or if inocula can 
be stored. 

Sprayers used for applying chemicals and inoculum 
were of the simple air-pressure back-pack type ( Bug- 
wiser No. 220B,. H. D. Hudson Manufacturing Co., 
Chicago, Ill.). Material was applied to the plant to the 
point of run off. 

RESULTS. At various times and at the end of the 
season, the amount of disease on each plant was rated 
by the Horsfall-Barratt Data obtained at 
the end of the season in each of 2 years are summarized 


in lable L; 


nificance of the data, an analysis of variance was made 


method? 
For the determination of statistical sig- 
with the ratings, using the transformation \ x + 1 for 
small numbers. On the basis of an LSD (0.05 level) 
1954 data and 0.29 unit 


for 1955. significant treatment differences were deter- 


of 0.26 rating unit for the 


mined with the aid of the curve provided by Horsfall.4 
page LO. 

In both years artificial inocula materially increased 
the disease over that occurring naturally. Inoculation 
every week was more effective than every other week. 
Severe tests were given the fungicides both years. It 
that fungicides differed in their 
In the typical field test. 
During 1954, 
parts 


is noted, however. 
effectiveness in the 2 years. 
this type of variation is found also. 
symptoms were noted on all but the youngest 
of the plants given treatment 3 at the end of the 
latter 


part of the 1955 season, however, disease was found 


season. Because of a drought period in the 
only on the lower half of plants given the same treat- 
1955 tests were 


The fact 


that the disease did not increase greatly during the 


ment. Consequently. ratings in the 


based only on the lower half of the plants. 


dry period suggests that a sprinkling system for sup- 
plemental watering would be useful in some years 
> Brown, W. E.. and W. H. Peterson. 1950. Factors af 
fecting production of penicillin in semi-pilot plant equip- 
ment. Indus. and Engin. Chem. 42: 1769-1774. 
*Horsfall, J. G. 1945. Fungicides and 
Chronica Botanica Company, Waltham, Mass. 
» Horsfall, J. G., and R. W. Barratt. 1945. 


grading system for measuring plant diseases. 


their action. 
239 p. 
An improved 


(Abs.) Phyto- 


path logy 35: 655. 
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TasLe 1.—Amount of tomato early blight in small-scale field tests in which mass inoculations were made 


Percentage disease 


Treatment Inoculum Fungicide* 1954 1955° 
] Natural ino ulum None 8 5 
2 Natural inoculum plus artificial inoculation None 27 
every other week 

} Natural inoculum plus weekly artificial in- None 82 65 
oculation® 

1 Natural inoculum plus weekly artificial in- Calcium copper chloride 30 7 
oculation® 

5 Natural inoculum plus weekly artificial in- Captan 14 7 
oculation® 

6 Natural inoculum plus weekly artificial in- Maneb 5 7 
oculation" 

7 Natural inoculum plus weekly artificial in- Oligomycin 13 
oculation® 

8 Natural inoculum plus weekly artificial in- Zineb 15 5 


oculation® 


Materials used were as follows: Copper A Compound (calcium copper chloride (4Cu(OH).»-CaCl-4H.O); 45 per cent 
Cu) at 4 lb./100 gal.; Captan 50-W (50 per cent captan or N-(trichloromethylthio) -4-cyclohexene-1, 2-dicarboximide) at 2 
lb./100 gal.; Manzate (70 per cent maneb or manganous ethylenebis[{[dithiocarbamate]) at 2 Ib./100 gal.; oligomycin 
3t 1.66 Ib./100 gal.; and Parzate (65 per cent zineb or zine ethylenebis[dithiocarbamate]) at 2 lb./100 gal. 

Differences between any 2 treatments statistically significant at the 0.05 level, except that between treatments 5 and 
8. which was not significant. 

Differences between any 2 treatments statistically significant at the 0.05 level, except those between treatments | and 


1. 1 and 5. 1 and 6, 1 and 8, 4 and 5, 4 and 6, 4 and 8, 5 and 6, 5 and 8, and 6 and 8, were not significant. 


Seven inoculations in 1954, 8 in 1955. 


The results obtained with oligomycin deserve special usual type of field test. The land requirement is small; 


comment. This fungicidal antibiotic® was tried in the — there can be 10 treatments in a plot 50 80 ft. The 
field as a matter of genera: interest, even though 2 average time necessary for tending an experiment of 
early blight protectant tests? in the greenhouse indi- this size is about 3 hours per week (excluding land 
cated that the ED,. was about 200 ug per ml. a con- preparation and cultivation). The technique permits 
centration that is high for the control of this disease. evaluation with a small amount of a candidate fungi- 
No phytotoxic effects were observed, either in the cide; when materials are in small supply, as they 
greenhouse or in the field. often are during the developmental process, this fea- 

Discussion.—The tests here described were designed ture may be a distinct advantage. A disadvantage is 


to give information on field performance with less that yield data on plots of this size would not be mean- 
facilities, expense. and materials than required for the — ingful. Even with this limitation, however, it is thought 
that in the development of new fungicides this type of 
6Smith. R. M.. W. H. Peterson. and Elizabeth MeCoy. test should provide a useful link in the chain between 
1954. Oligomycin, a new antifungal antibiotic. Antibiotics the laboratory and widespread use on the farm. 
and Chemotherapy 4: 962-970. 


7 Leben, C., and G. W. Keitt. 1949. Laboratory and DEPARTMENT OF PLANT PATHOLOGY 
greenhouse studies of antimycin preparations as protectant UNriversiry OF WISCONSIN 
fungicides. Phytopathology 39: 529-540. Mapison, WISCONSIN 

















MILD AND SEVERE STRAINS OF TRISTEZA VIRUS IN TEXAS CITRUS! 
Edward O. Olson 
SUMMARY 
Citru f } rietie were bud-inoecu of tristeza virus occu! 
lated with triste fy field sources of Matsui \ mild strain of tristeza virus from a Meyer ' 
or 5 la ind observed for 16 Jemon tree inhibited the development of severe 
mont t| eza virus fron ! 
symptoms in lime plants bud-inoculated with virus 
Ma ote PM sang Mi gece from Sueoka satsuma;: this inhibition continued for 
R oo a — dia € r- au 5 ne 14 months and is evidence that the virus causing 
mt fs i. ‘grad gone severe symptoms on lime is related to the virus ' 
tad gree eet causing mild symptoms. The causal agents of ca- 
| ted with virus CHeXla, exocortis, and psorosis did not inhibit the 
fone @ er identical development of severe symptoms in limes bud-inocu- 
vit] ntoms caused lated with virus from Sueoka satsuma: this is evi- 
hv a : , Is Brazil and dence that these viruses are not related to the virus 
other ere strains causing severe symptoms of tristeza 
' is by In Brazil. Costa. Grant. and Moreira (2) noted that 
bud-ine \I ; ch serve lime plants infected by tristeza virus showed stunting 
s ind | Heretofore, the symp thnormally thick bark. and vellowing of young leaves; 
toms ere chara 
terist n in Florid 
6 ( i 16 Phe 
symp \I ( = DV Vi 
rus tr 3 h sats im 
darin (¢ he er, were 
more r | ) zil t! 
Gold ¢ 1s \ where se e strains of 
the vil itor seedlings not only 
developed ty f ye and ste pitting. but 
corking 0 per side g. | Phis 
observat tion oft DOSSIDILILY that 
severe = i ld Ones 
Texas I ; 
STRAINS O OF COUN 
rRits.— | ( \! es carried 
© strai stra ed stunting 
ind ( K lea ptoms thie 


same Viet ed t t existence 
of 2 str Ap lor varia 
tions i t¢ ting grapetruit trees 
In New South W king of the leaf veins of lime 
seedlings a v1] t syn = believed to 
eccur whet t t | “CeO 0 vel ws virus 
were present | ‘S h Africa. vein corking devel 
oped in 1 1 ling yellows” virus (12 





Rootstock Inve ed Texas Agricul Fic. 1. Vein corking on the upper side of leaves of a lime 

tul xy ~ the I “. Department f seedling infected with tristeza virus from Sueoka satsuma 

\ This plant was bud-inoculated in January, vein corking was j 
\ ; , RM A Title I noted in May. and the picture was taken in September. 
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occasionally they noted vein splitting and corking, 
resembling symptoms of boron deficiency, on infected 
plants. These writers also noted that in Brazil infected 
grapefruit seedlings exhibited symptoms similar to 
those on grapefruit on nontolerant stocks; infected 
trees showed signs of deficiency, yellowing of the 
leaves, and leaf drop, followed by dieback and gen- 
eral decline of the plant. 

Grant and Costa (5) presented initial evidence that 
plants invaded by a mild strain of tristeza virus are 
protected against invasion by a severe strain when 
exposed to it by infestation with viruliferous insects. 
Additional evidence for this was presented in 1954 
(3). Although inconclusive, these preliminary obser- 
vations suggest the possibility that relationships among 
viruses suspected of being strains of tristeza virus can 
he tested by means of cross-protection experiments. 

(.LASSIFICATION OF SUSPECTED STRAINS ON THE BASIS 
OF SYMPTOMS PRODUCED ON LIME SEEDLINGS.—The in- 
fected budwood for the experiments reported herein 
was taken from Mexican lime seedlings previously in- 
oculated by means of buds or grafts from Meyer lemon 
ind from 2 satsuma sources. Tristeza virus was known 
to be present in the 3 bud sources: it was not known 
whether all other viruses were absent. 

Mexican 


lime seedlings inoculated by grafts from Sueoka sat 


Suspected strain from Sueoka satsuma. 
suma showed vein clearing. yellowing and defoliation 
of leaves on terminal twigs. extensive stem pitting. 
thickened gum-impregnated bark that cut like cheese, 
stunted growth, and a weak root system. Leaves on 
flushes developing after inoculation sometimes showed 
corky enations along the veins on the upper side of the 
leaves (Fig. 1). Vein corking developed 3-6 months 
after initial vein clearing. These symptoms are here- 
after referred to as severe symptoms of tristeza. 
Suspected strain from Meyer lemon and Matsui 
satsuma.— Lime seedlings inoculated by grafts from a 
Meyer lemon at the Valley Experiment Station at Wes- 
laco or a Matsui satsuma at Carrizo Springs made vig- 
rous growth after initial vein clearing. The leaves 
remained large and green, terminal twigs did not de- 
foliate, some stem pitting occurred under bark of nor- 
mal thickness, and a strong root system was present. 
No vein corking appeared on the leaves. These symp- 
toms are hereafter referred to as mild symptoms of 


tristeza. 
EXPERIMENTS.—Response of 4 varieties to 2  sus- 
pected virus strains —A limited study of the interac- 


tion between varieties and suspected strains of virus 
was begun in May, 1954. Cleopatra mandarin (Citrus 
reticulata Blanco). sour orange (Citrus Aurantium 
Linn.). Mexican lime (Citrus aurantifolia (Christ- 
mann) Swingle), and Red Blush grapefruit (Citrus 
paradisi Macf.) seedlings in gallon cans of soil were 
grafted with buds from lime seedlings infected with 
virus from 2 different satsumas. The seedlings were 
transplanted to a closely spaced planting in the screen- 
house in January, 1955. 


Seedlings of Red Blush grapefruit, Cleopatra man- 
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darin, sour orange, and Mexican lime varied greatly in 
response to inoculation with virus from Sueoka or 
Matsui satsuma (Table 1). Grapefruit seedlings in- 
oculated with virus from Sueoka satsuma were mark- 
edly dwarfed and had small chlorotic leaves, and some 
showed defoliation followed by dieback and decline; 
those inoculated with virus from Matsui satsuma made 
vigorous growth, had large green leaves, and did not 
show decline or branch dieback (Fig. iF Cleopatra 
mandarin seedlings inoculated with virus from Sueoka 
satsuma were almost as vigorous as those inoculated 
with virus from Matsui satsuma. The leaves of sour 
orange seedlings inoculated with virus from Sueoka 
satsuma were chlorotic, and the plants made little 
growth during the summer of 1955: those inoculated 
with virus from Matsui satsuma had normal foliage 
color and made vigorous growth (Fig. 3). Lime plants 
inoculated with virus from Sueoka satsuma were stunt- 
ed and showed severe symptoms of tristeza; those in- 
oculated with virus from Matsui satsuma developed 
only mild symptoms (Fig. 3). 


Results of 
lish the relationship between the suspected strains of 


cross-protection studies.—To _ estab- 
tristeza virus, an experiment was initiated to determine 
whether a strain causing mild symptoms would protect 
lime seedlings against invasion by a strain causing 
severe symptoms. Lime plants were inoculated with 
virus from a Meyer lemon (Citrus Limon  C. sinen- 
sis?) tree and, after vein clearing had appeared, were 
reinoculated by means of lime buds carrying the virus 
from Sueoka satsuma. The assumption was made that 
the mild strain had thoroughly invaded the seedling 
when vein clearing appeared. The inoculated lime 
seedlings were set out in a closely spaced planting in 
the screenhouse in February, 1955. The doubly inocu- 
lated plants and the 2 singly inoculated sets of con- 
trols were observed for 14 months. 


Lime plants inoculated with virus from Meyer lemon 
and subsequently reinoculated with virus from Sueoka 
satsuma did not show severe symptoms of tristeza (Ta- 
ble 2). 


Meyer lemon made vigorous growth and showed mild 


Lime plants inoculated only with virus from 


symptoms. In contrast. those inoculated only with 
virus from Sueoka satsuma were stunted and showed 
severe symptoms. 

In January, 1955, lime seedlings in gallon cans of 
soil in a screened glasshouse were grafted with buds 
from 6 lime plants in each of the 3 groups listed in 
Table 
recover the viruses introduced into the singly and 
By September, 1955, it was 


The purpose of this trial was to attempt to 


doubly inoculated plants. 
evident that inoculation with buds from these inocu- 
lated plants caused the same responses on another 
batch of lime seedlings as did the original inoculations, 
alone and combined. Inoculation with buds from plants 
with mild symptoms caused mild symptoms; inocula- 
tion with buds from plants with severe symptoms 
caused severe symptoms on the second batch of lime 
seedlings. 


To determine whether other viruses common in 
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ings to inoculation with lime buds infected with 2 suspected strains of 


Susy 1 virus Budded seedlings Height of seedlings at Color of foliage, 
iin in bud vielding tristeza indicated interval af- 16 months after 
ation virus ter bud-inoculation budding 
13 months 16 months 
No. In. In. 
Sever! 6 15 16 Chloroti 
Mil 5 $2 72 Green 
‘ ere } 1] 69 (,reen 
Ml () 15 75 Green 
Severs 6 52 53 Chlorotic 
Mild 2 39 54 Green 
Severe 6 22 23 Chlorotis 
Nii i 6 a) 18 (,reen 
, rried i ime budwood mild strain, a Matsui satsuma: severe strain, a Sueoka 
7 fre each of the 6 plants in each treatment were grafted to Mexican lime 
, ' ind the number of bud sources causing tristeza symptoms on lime seedlings 
late 1e plants, such as Cleopatra mandarin seedlings inoculated with the mild 
i! irried virus, while those from other branches did not cause tristeza symp 
i 1 oO times) 
| | _ 
development of severe satsuma showed only mild symptoms. however, and 6 
ips of lime plants were months after budding were twice as tall as those show- 
, rus fre field trees of | ing severe symptoms; the control lime plants. bud- 
e. Mey e. Eureka lemon. Wash inoculated with virus from Sueoka satsuma. developed 
c | empl range: these trees severe symptoms. 
t Two other groups of lime \ year-old Red Blush grapefruit tree on sour orange 
| 1 at the same time with tris rootstock, known to carry the causal agents of cachexia 
I emo! After psorosis or mild and exocortis diseases. was bud-inoculated with lime 
eloped on the lime test buds carrying the virus from Sueoka satsuma: 4 
ited by means of lime buds months after inoculation, grapefruit buds from this 
= ft Sueoka satsuma. These plants tree were grafted to a group of Mexican lime seed- 
r 6 < lings. which were observed for 3 months. Severe symp- 
| ed with psorosis virus and toms also developed on these lime seedlings. 
he . from field trees of 5 com Discussion.—The majority of the cross-immunity 
| reinoculated with virus from Sueoka — studies have been carried out with viruses that are 
ped severe symptoms of tristeza. Lime mechanically transmissible, but it has been determined 
lated wit rus from a Meyer lemon — that peach yellows and little peach viruses will protect 
ted with virus from Sueoka against each other when inoculations are made by 
September, 1955, to budding with lime buds carrying tristeza virus from 
‘ a h. in May and or July, 1954 
ss sed Lime seedlings *lants showing Average height 
July per treatment \ein clearing Severe of seedlings 
and stem symptoms 
pitting 
No No. No. In. 
None 12 12 0 17 
- ka sats , 1] ll 1] 27 
3 Ka satsuma 8 8 0 16 
king some es occurring on the upper side of 1 or several leaves, defoliation of terminal 
I s il ives on short lateral shoots from defoliated branches, heavy gum deposits mn 
Vean svsten 
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Fic. 2. Red Blush grapefruit seedlings, either noninoculated or infected with tristeza virus (16 months after inocula- 
tion). The ruler at far left is 1 ft. long. A) Two plants carr/ing virus from Sueoka satsuma. B) Two plants carrying 


virus from Matsui satsuma. C) Two noninoculated plants. 


means of grafts (9). It has been shown for numerous 
groups of viruses that plant tissues invaded by one 
strain of a virus are protected from invasion by an- 
other strain of the same virus. but are susceptible to 


infection by unrelated viruses (15). Plants are pro- 


tected from infection or invasion, however. only if they 
are already fully invaded by a virus related to the one 
being introduced: noninvaded portions of diseased 
plants remain susceptible to invasion by a second re- 
lated virus (1). 

The mild virus strain from 1 Meyer lemon tree in- 
hibited the development of severe symptoms in limes 
bud-inoculated with virus from Sueoka satsuma; this 
inhibition continued through the 14-month period of 
the experiment and is evidence that a virus causing 
severe symptoms on limes is related to the virus caus- 
ing mild symptoms. On the basis of the results in 
Table 2, it seems probable that a virus from Sueoka 
satsuma is a severe strain. whereas the virus from a 
Meyer lemon is a mild one 

Virus strains from other Meyer lemon or Sueoka 
satsuma trees are not necessarily identical with the 
ones tested. The Sueoka satsuma was originally intro- 


duced into this country from Japan. The virus source 


in these experime nts was a tree on rootstock of Pon- 
cirus trifoliata planted in 1932 at Carrizo Springs. At 
the time of its destruction in 1955, there was no evi- 
dence of cachexia disease in the cachexia-susceptible 
top and no evidence of exocortis disease in the exocor- 
tis-susceptible rootstock: psorosis was not detected in 
its budded progeny. Since other viruses might be 
present in the Sueoka satsuma, it would be desirable 
to separate tristeza virus from other possible compo- 
nents. Aphid transmission of the virus would be ex- 
pected to leave behind viruses that are bud-trans- 
mitted but net aphid-transmitted. Aphid transmission 
tests in Texas have not been successful to date, how- 
ever, and plant material known to carry only insect- 
transmitted virus was not available in these tests. 
Cachexia, exocortis, and psorosis diseases occur in 
some grapefruit field trees free of tristeza virus (13 
and unpublished data). The causal agents of cachexia, 
exocortis, and psorosis did not inhibit the develop- 
ment of severe symptoms in limes bud-inoculated with 
virus from Sueoka satsuma; this is further evidence 
that these viruses are not related to the severe strain 
of tristeza. 


The corking of the veins on the upper side of some 
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bic. o. Sour nd Mex seedlings infected 
it far 1 The I " A) Mexi 
Mexi iT Sie j i .) 2 
Def i rus tro s oO 
leaves of me ' showing severe symptoms re- 


sembled the 1 splitting of the veins associ 


ated with bor ficiency: however. boron deficiency 
is unknow1 ( the Lower Rio Grande Valley. 
In this area. bor ibundant in soil and water, and 
boron-toxicity s toms are commonplace. Each of 
2 samples of lime es, one with vein corking and 
the other wit mild tristeza symptoms, cont iined more 
than 100 ppm boron or 1 dry-weight basis; these 
values are too | for plants to onsidered boron 


deficient 


Whereas thie ( rk 


ng symptom is conspicuous, 
it is not a cor sf t symptom f infection by virus 
Irom Sueoka sats i Sometimes vein corking ap- 
peared on leaves that were immature at time of inocu 
lation with virus t other times it occurred on 1 o1 
severa! leaves of vy flush developing after inocula 
tion, and at still other times it did not occur during 
the 3- to 8-1 nt pe id of observation The vein- 
corking svmpton er. developed in lime seedlings 
inoculated , 3 twig gratts ind grafts of leaf 
pieces, wit! or withthe | vein corkin Hughes ind 
Lister (8 limes was often 


observed in experimental plants but was rare in field 
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with tristeza virus, 16 months after inoculation. The ruler 

in jimes carrying virus from Matsui satsuma, B) Stunted 
oranges carrying virus trom Matsui satsuma, and D) 

i salsuma., 

plantings. Costa, Grant, and Moreira (2) ocecasion- 


ally found vein corking on lime plants in field plant- 


ings in Brazil. The plants in Texas were grown un- 


it is doubt- 
ful that stunted plants with severe tristeza symptoms 


der screenhouse and glasshouse conditions: 


would survive in a field planting. It seems probable 


that the expression of vein corking in Texas is an in- 


teraction between plant environment and_ infection 
with virus from Sueoka satsuma. Thus. vein corking 


is probably a secondary symptom following damage to 
roots and phloem by virus infection and may occur 
despite adequate supplies of essential minerals in the 


soil. 
Cirrus RootrsTock INVESTIGATIONS 
U .S. DEPARTMENT OF AGRICULTURE 
ANI 
Texas AGRICULTURAL EXPERIMENT STATION 
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The Vode of Action of {ntibiotics in the Control of 
Plant Disease. D. Pramer, R. S. Ropison, ano R. L. 
StarKey. An antibiotic may control plant disease 1) 
by acting directly on the pathogen; 2) by neutralizing 
toxins secreted by the pathogen; 3) by acting on the 
host; 4) by being transformed within the plant to a 
substance having greater or different activity; or 5) by 
a combination of 2 or more of the possibilities listed. 

In vitro studies*:* show that antibiotics suppress the 
growth of many plant pathogens. It has been assumed, 
but never demonstrated, that direct action of the 
antibiotic on the pathogen is similarly responsible for 
results obtained in vivo. Recent reports*.® that de- 
scribe control of a pathogen in vivo by an antibiotic 
having no activity in vitro can be explained only by an 
indirect mode of action, 

To our knowledge, the literature contains no in- 
formation regarding the ability of antibiotics to neu- 
tralize toxins secreted by plant pathogens. Likewise. 
we know little of how antibiotics may alter the metab- 


1 Paper of the Journal Series, New Jersey Agricultural 
Experiment Station, Rutgers University, The State Uni- 
versity of New Jersey, New Brunswick. 

* Katznelson, H., and M. D. Sutton. 1951. Inhibition of 
plant pathogenic bacteria in vitro by antibiotics and quar- 
ternary ammonium compounds. Canad. Jour. Bot. 29: 270 
278. 

3 Morgan, B. S., and R. N. Goodman. 1955. In vitro 
sensitivity of plant bacterial pathogens to antibiotics and 
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4 Bonde, R. 1953. 
blight (Phytophthora infestans) 
pathology 43: 463-464. 
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Studies on the control of potato late 
with antibiotics. Phyto- 
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Newly dis- 
related 


NOTES 


olism of plants and thereby confer resistance to 
infection. 

Though disease control may be achieved by forms 
of antibiotics produced as a result of their alteration 
within the plant, there is some evidence that this does 
Crowdy, Grove, and Pramer? isolated pure 


Pramer® pro- 


not occur. 
griseofulvin from treated plants, and 
vided evidence, based on R, values obtained from pa- 
per chromatograms of plant sap, that both streptomy- 
cin and chloramphenicol remained essentially un- 
altered in treated plants. 

Klemmer, Riker, and Allen® showed that the inhibi- 
tion of crown gall by antibiotics results from an indi- 
rect mode of action. It was found that chlortetracy- 
cline, oxytetracycline, and chloramphenicol were toxic 
to gall cells but nontoxic to normal plant cells. Anti- 
biotic-resistant strains of the pathogen were used to 
advantage in demonstrating that lack of gall forma- 
tion in inoculated plants was due to toxicity of the 
antibiotic to the gall cells and not to susceptibility of 
the pathogen to the antibiotic. Through independent 
but similar reasoning and experimentation, we have 
isolated streptomycin-resistant strains of Erwinia chry- 
santhemi Burk., McFadden, & Dimock and have em- 
ployed them in an effort to define the mode of action 
of streptomycin in the control of bacterial wilt of 
chrysanthemums (Chrysanthemum morifolium Ram.). 


7 Crowdy, S. H., J. F. Grove, and D. Pramer. 1954. Sys- 
temic distribution of antibiotics and the control of plant 
disease. Internat]. Cong. Bot. 8th Paris. Proc. Sect. 24, 
p. 88-90. 

8 Pramer, D. 1953. Observations on the uptake and trans- 
location of five actinomycete antibiotics by cucumber seed- 
lings. Ann. Appl. Biol. 40: 617-622. 

®Klemmer, H. W., A. J. Riker, and O. N. Allen, 1955, 
Inhibition of crown gall by selected antibiotics. Phyto- 
pathology 45: 618-625. 
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INFECTION PROTECTION 


Fic. 1 » resentation 
gens to determi the mode of action 
themum) it ite that protection is due to 
indicate protect lue to an indirect mode of action. 
Figure 1 shows how antibiotic-sensitive and anti- 
biotic-resistant cultures were used to determine wheth- 
er disease control resulted from a direct or an indirect 
mode ot actor 


Growth of / santhemi was inhibited complete- 


ly by 5 ppm of streptomycin. Strains resistant to 1000 


ppm were isolated by 4 serial transfers in yeast- 
dextrose broth containing graded concentrations of the 
antibiotic, or by direct transfer of the sensitive culture 


to broth containing 1000 ppm of streptomycin. The 
virulence of the antibiotic-resistant culture was estab- 
lished by tests on unrooted and rooted cuttings. Pre- 
viously described procedures!” were used in these 
tests 

Unrooted uttings were treated with the antibiotic 
by immersing the stems for 5 hours in solutions con- 
taining 125 ppm of streptomycin. Half of the treated 
and half of the control cuttings were inoculated with 
the streptomycin-sensit pathogen, and the remaining 
ones were inoculated with the streptomycin-resistant 
pathogen. The cuttings were maintained in test tubes 
containing tap water. In a similar experiment, cut- 
tings rooted in sand were treated with 50 ppm of 
streptomycil lr ich case the antibiotic-resistant 


strain of E. chrysanthemi 
in both the 


produced disease symptoms 
streptomycin-treated and control cuttings, 
strain infected only the 


A of 


whereas the antibiotic-sensitive 


control cuttings These results. indicated on line 


10 Robisor Starkey, and O. W 
1954. Contr t terial wilt if 


6416-650 


Davidson 
hrysanthemums with 


streptomycin Phy t oy 44 
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TREATED PLANTS 


(A) 


(B) 


direct action of the antibiotic on the pathogen. 
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INFECTION INFECTION 
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INFECTION PROTECTION 


of a procedure using antibiotic-sensitive and antibiotic-resistant strains of phytopatho- 
of antibiotics in the control of plant diseases. 


line A (wilt of chrysan- 
Results in line B (crown gall) 


Results in 


establish that the control of bacterial wilt of 
chrysanthemums by streptomycin results from direct 


Figure 1, 


action of the antibiotic on the pathogen. The observa- 
tions of Klemmer, Riker, and Allen.” indicated on line 
B of Figure 1, show that the inhibition of crown gall 
by antibiotics results from an indirect mode of action. 

Department of Agricultural Microbiology, New Jer- 
sey Agricultural Experiment Station, New Brunswick. 
New Jersey. 


Effect of Storage on the Fungicide Content of Oat 
Seed Treated with Mercury Compounds.’ D. C. ARNyY 
AND Curt Lepen.- Our investigations on the vapor 
action of the organic mercury compounds* indicated 
that the vapors of different materials were taken up 
in varying amounts by oat More recently. the 
of these materials on treated has 
This a report of periodic 
tests on the fungicidal activity of 2 materials on treated 


seed. 
permanence seed 


been investigated. note is 


seed stored in closed bottles or exposed to air. 
Two of the materials used in the previous tests were 


! Published with the approval of the director of the 
Wisconsin Agricultural Experiment Station. Supported in 
part by the Research Committee of the Graduate School 
from funds supplied by the Wisconsin Alumni Research 
Foundation. 

2 Present address of C., Leben: The Lilly Research Labo- 
ratories, Eli Lilly and Company, Indianapolis, Indiana. 

% Army, D. C., and C. Leben. 1954. Vapor action of 
certain mercury treatment materials. Phytopathology 
144: 380-383. 
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Fic. 1. Amounts of fungicide present on treated oat seed after varying periods of storage in closed containers or in the 


open alr, 


4) Seed treated with Ceresan M at 0.5 and 0.25 ounces per bushel at beginning of experiment. B) Seed 


treated with Panogen at 0.75 and 0.375 fluid ounces per bushel at beginning of experiment. 


studied. Ceresan M (7.7 per cent \-(ethylmercuri)- 
p-toluenesulfonanilide) and Panogen (2.2 per cent 
cyano(methylmercuri) guanidine) were applied to oat 
seed at 2 rates, 0.5 and 0.25 ounces per bushel for 
Ceresan M, and 0.75 and 0.375 fluid ounces pet 
bushel for Panogen. Treatment was carried out in 
small (200 ml) screw-cap bottles with 50 g of seed per 
treatment. Treated seed was stored in closed bottles 
for 7-9 days. At the end of this time, a small amount 
of seed from each treatment was spread in a single 
layer on the bottom of an open Petri dish. The remain- 
ing seed was left in the original capped treating bottle, 
which was opened briefly only when samples were 
removed for assay. All treated seed was stored at 
26°C. Determinations of the amount of fungicides 
present were made at 1, 2, 3, and 4 months after 
treatment, using the Glomerella agar plate test*-+. 
This assay method is dependent upon the diffusion of 
fungicides from the seeds into an agar medium con- 
taining conidia of G. cingulata (Ston.) Spauld. & 
Schrenk. After a period of incubation, inhibition zones 
are produced around seeds carrying fungicides. The 
amount of a particular fungicide present in a given 
sample is estimated by comparison of the diameter of 
zones around seeds from the test sample with the 
diameter of zones produced by the standards, i.e. seeds 


*Arny, D. C. 1952. The bioassay of Ceresan M on 
» 


treated 


oat kernels. Phytopathology 42: 222-223 


treated with graded amounts of the same fungicide. 
New standards for each assay were prepared approxi- 
mately 1 week prior to assay. There were 4 different 
experiments and 4 assays for the l-month period, 3 
experiments and 3 assays for the 2-month period, 2 for 
the 3-month period, and 1 for the 4-month period. 

Fungicidal activity of both chemicals was lost more 
rapidly from seed stored in the open than from that 
kept in closed bottles (Fig. 1). Under the open 
storage conditions, the activity of Ceresan M was lost 
more rapidly than that of Panogen. The loss of volatile 
compounds from seed stored in closed bottles possibly 
was due to the escape of vapor when the bottles were 
opened to remove samples for assay. These data were 
verified in another experiment that was discontinued 
at the end of 2 months. According to Koehler and 
Bever”. the closed-bottle storage test was more severe 
than commercial storage conditions but more closely 
simulated commercial conditions than did exposure 
to alr. 

In treated seed stored exposed to the air for long 
periods, the loss of fungicidal activity could be of 
importance in relation to protectant action against 
soil-borne organisms. As seed is ordinarily handled, 
however, only a small proportion is exposed to air, and 
the decline in activity under these conditions is be- 


5 Koehler. B.. and W. M. Bever. 1954. Oat and wheat 
U. S. Dept. 


seed treatments: methods, injuries and gains, 
Avr. Pl. Dis. Rptr 38: 762-768. 
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lieved to be relativ ill. With seed-borne patho- Taste 1.—The control of 3 small grain diseases by the 
gens, the loss is ‘ ibl not of consequence because water-soak seed treatment compared with the stand. 


the disinfectant presumed to take place early 
in the storage 
ogy and Agronomy versity of Wisconsin 


Wisconsin 


Control of Seve Sma Grai Diseases by the 
Water-soak Seed 7 ment. D. C. ARNY AND Curt 
LeBEN.2. The watet ik seed treatment method of 
Tyner has been found to be effective against loose 
smut of ba le ed by l stilago nuda (Jens. 
Rostr.)*:4. Tyner also noted that it controlled loose 
smut of wheat ncited U. trit Pers Rostr. ) 


Wallen and Skolk« 
water greatly reduced 


{scor hy fa psi | | re 


eported that soaking pea seed in 
seed-borne infection by 


effectiveness of the treatment 


for these disease ggested a study of its effect on 
other diseases in seed-borne fungi. This paper 
presents a rece rd of these studies An abstract has 


appeared earlier 


The 3 diseases studied most extensively were seed- 
ling blight of oats n Vicland. C.1. 3611) incited by 
Helminthosporiur toriae Meehan & Murphy, seed- 
ling blight of barl n Wisconsin Barbless. CLI. 
5105) incited by H. sativum Pam.. King. & Bakke. and 
stripe of barley Atlas, C.I. 41187) incited by H. 
gramineum Rab. In eacl ise the seed was naturally 
infested. Limited test ilso have been made with 
wheat bunt (incited by 7 a foetida (Wall: Liro), 


wheat loose smut vered smut (incited by [ 


hordei (Pers Lager ind oat smuts (incited by l 
avenae (Pers Rostr. and U’. ko Will 
Seed was so ike a ! list Ile d water In open Erlen- 


meyer flasks at 24—26°C for 56 hours. Usually. 20 g 
of seed were used 100 ml of water After the seed 
was dried on scree t room temperature. plantings 
for most tests were made in soil in the greenhouse to 
determine germination and disease. In all tests, seed 
treated with Ceresan M y per cent .V-(ethylmercuri) - 


1 Published r i 


Wisconsin Agri ral Experiment Station. Supported in 


part by the Re ( ttee of the Graduate School 
with funds supplie Wisconsin Alumni Research 
Foundation 

“Present addr Curt Leber The Lilly Research 
Laboratories, I | Compal Indianapolis, Indiana 

8 Tyner. L. |} 9 | ontrol of loose smut of barley 
and wheat by Spe 1 by soaking in water at room 
temperature P] | 13-316 

t Leben, C.. a m Arny 1954. Soa g itments 
for the contr f los t of barley. Phytopathology 44: 
329-330. 

» Wallen, V. R., and Skolko, A. J. 195 The inactivation 
of antifungal ant t hlorine. U. S. Dept. Agri. PI. 
Dis. Rptr 17: 42 

6 Arny, D. ¢ C. Leber 1954. Control of several 
small grain diseas water soak method. (Abs.) 
Phytopathol 

7 Seed suppl C. A. Suneson, Agr Department, 


University of Calif ) s. Calitort 


Departments of Plant Pathol- 
Madison. 


ard, Ceresan M 


Perc ent- 


age 

Disease and Percentage diseased 

pathogen Treatment germination® plants* 
Seedling blight of None 90 1] 
oats ( eresan M 89 
(H victoriae)” Water soak 8] 6 
Seedling blight of None 94 54 
barley Ceresan M 96 5 
(H. sativum) Water soak 87 1] 
Jarley stripe None 70 7 
(H. gramineum)" Ceresan M 75 0 
Water soak 67 U0 


a trial, 3 replicates of 


‘For each treatment of 
were planted. 
Iwo seed lots, 1] 
second. 
Seven seed lots, 1 trial each. 
‘One seed lot, 3 trials. One trial was grown in the field 
by C. W. Schaller at Davis, California. Three replicates of 


100 seeds each were used. 


50 seeds 


trial with first lot, and 2 trials with 


was included for comparative 
Ceresan M 
7-10 days in a tight container before planting. 


p-toluenesulfonanilide ) 


purposes. Seed treated with was stored 


The water-soak treatment reduced the germination 
slightly (Table 1). The seedling blights of oats and 
barley were reduced markedly by the water soak. The 
control given by Ceresan M was only slightly better. 
While the number of striped plants that developed in 
the nontreated Atlas was low, the disease was elimi- 
nated both by the water soak and by Ceresan M. Field 
tests with winter wheat have shown that infection by 
the bunt fungus also can be materially reduced by the 
water soak, although with this disease the control may 
have been due in part to the removal of spores by 


washing. Limited field tests with loose smut of spring 


and winter wheats. covered smut of barley. and the 
oat smuts indicate that these diseases also can be 
reduced or eliminated by the water soak. 

Nontreated and soaked lots of barley seeds of 


various varieties were plated on malt-salt agar (7.5 per 


cent NaCl and 2 per cent malt extract). Seeds were 


first surface sterilized with a mixture of ethanol and 
sodium hypochlorite. The organisms that grew from 
seeds are given in Table 2. Alternaria spp. were 
markedly reduced by the water soak. Fusarium spp. 


and Helminthosporium spp. also appeared less fre- 
quently from soaked seeds than from untreated ones. 
The percentage of bacteria increased rather markedly 
Atlas (data not 
recorded in Table 2) were particularly striking in that 
cent of the 


on soaked seeds. Plating tests with 


H. gramineum was present on 55. pet 


whereas the from none 


nontreated seeds, fungus grew 


ot the soaked seeds. 
flora present on the seed is materially changed by the 


These plating tests show that the 


soaking treatment and that several pathogenic organ- 


isms are eliminated or reduced in numbers. 
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TaBLe 2..-Urganisms that grew from nontreated and water- 
soaked barley seeds that were surface sterilized and 
plated on malt-salt agar 
Percentage of seeds with 
given organism 
Type of organism Nontreated Soaked 
{/ternaria spp. 90 l 
Fusarium spp. 6 | 
Helminthosporium spp. 9 ] 
Storage molds Y 8 
Bacteria 62 9] 
None 2 H 
Each figure is based on an average of 20 seeds from 
each of 17 different seed lots, 
{spergillus spp., Penicillium spp.. ete. 
[he water-soak treatment is not specific for U. nuda 


and U. tritici. This fact may be useful in investigations 


on the physiologic processes involved and the chemical 
compounds formed in the water-soak treatment. Tests 
blights can be 


with the Helminthosporium seedling 


made in 3-4 weeks in contrast with 2—3 months fo1 


loose smuts. Ultimately. of course. it will be necessary 


to establish whether control of the seedling diseases 
has the same basis as the control of the loose smuts 
Departments of Plant Pathology and Agronomy. Uni- 


versity of Wisconsin, Madison. Wisconsin. 
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Complete Schrader spray gun. B, C) Remov 
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Inoculations. R. A. 
The spray 


Spray Gun for Greenhouse 
KILPATRICK AND Howarp W. Jounson!, 
equipment used by plant pathologists for greenhouse 
inoculations usually is a small atomizer or a small 
tank-type compressed-air sprayer, both of which emit 
a fine mist. A shredded mycelial suspension is fre- 
quently too coarse to go through the spray nozzle and 
periodic cleaning is necessary. During the investiga- 
tions on soybean diseases at Stoneville, Mississippi, 
a different type of spray gun was tried and was proved 
to be quite satisfactory for both bacterial and fungus 
inoculations. 

The Schrader spray gun (Fig. 1, A) consists of a 
complete spray unit that connects to an air line 
operating on 15—20 lb. pressure. The rear portion of 
the gun has a trigger-like attachment for permitting 
The intake tube marked “water” has 
a valve core that is easily removed and permits passage 
In operation, a 6- 
is attached to this 


passage of air. 


of suspensions varying in density. 
to 10-in. length of tubing 
opening so that water or inoculum can be sprayed 
from a flask or beaker. When more than 1 organism 
is being used for inoculations, the end of the sprayer 


rubber 


ind Senior Pathologist, respectively, Field 
Agricultural Research Service, U. 
Agricultural 


| Pathologist 
Crops Research Branch, 
S. Department of Agriculture, and Mississippi 
Experiment Station, cooperating. 





able nozzle. D) 


Adjustable tip. (%%). 
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(Fig. a B) can fe rem ed and inother connected 


The spray tip (1 1. D) ean be adjusted on the gun 
(Fig. 1, ¢ for suspensions of varying density. Afte1 
inoculations are completed. the end of the sprayer 


(Fig 1. B) can be unscrewed from the air valve and 


autoclaved without injury, since there are no rubber 
gaskets and heat does not injure the equipment. 

The Schrader spr equipment \. Schrader’s 
Son. Brooklyn 38. N. \ is easily operated by one 
hand. leaving the other hand free for movement of 
plants to be inoculated. Good results have been 
obtained with susper ns of both agar and leaves 
triturated in liquid e the size of the orifice in 
Figure 1, C is 21 \ complete spray unit (Fig. 


l. \ Is inexpel 


bacterial suspensio1 


ere more than | fungus or 

inoculated it is highly 
desirable to have ext sprayers (Fig. 1, B) that 
can be purchased eparat 


Delta Branch Mississippi 
Missie- 


Agricultural Experi Station Stonevill 


Sippel 


The Production on G c by an Eriophvid Vite ot 
Symptoms Like Those Produced by | 


SMALLEY 
, 


J 

iruses. EUGENE B. 
I 

embling those sometimes 


but differing from those of garlic 


f 
f 


caused 
ny field plantis gs of Califor- 
nia Late garlic during the 1954 season. Early symp 
streaking of the leaves and 


mosat were noted 


toms ine ir ded tw 


dwarfing ot the plants Frequently, larae areas ot the 
leaves became devoid of chlorophyll in marked con- 
trast to the mild streak of garlic mosak Later. a tan 


gled mass of interlooped leaves developed, typically as 


a result of failure of the 
(Fig. 1). 
The eriophyid mite, Aceria tulipae Keifer 


consistently associated with 


emerging leaves to disjoin 
was found 
these symptoms ind was 
often present in large numbers on affected plants. The 
same mite is commonly associated with dry stored gar- 
lic bulbs and has beer 


drying.! 


eported to cause premature 
bulbs 


from several fields of the 


made of garlic 


Examinations were 
obtained from local st 

varieties California Early, California Late. and Oregon 
Late: and 
strains All of the bull 


suggesting that the mite is more 


from imported Hungarian and Japanese 


examined contained mites, 
widespread than is 
Planted cloves from heavily infested bulbs 


always developed sympt 


realized 
identical with those ap- 
pearing in the field 

infested bulbs 
They 


were then surface disinfested in 10 per cent Clorox 


California Late arlic loves from 


were peeled and selected for uniformity of size 
(5.25 per cent sodium hypochlorite) for 10 minutes 
and air dried at 35°C for 10 minutes. Each clove was 


then inspected for the of mites, and if free 


presence 
was planted in a 6-in,. pot The pots were placed in 
a chamber maintained at 20°C for 10 hours of light 
at 10°C for 14 hours of darkness 


onditions similar 


1 Keifer, H. H. 1952. 17 Eriophyid mites of California. 
Calif. Insect Survey Bul. 2 } 
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fi 


Fic. 1. California Late garlic plants 28 days after plant- 


ing. The plant on the left is a healthy check: the other 3 
are mite-infested plants typical twisting and 
streaking. 


showing 


to natural growing conditions during the early part of 
After 6 days, 
infested by 


the season. the young healthy plants 


were means of pieces of garlic leaves 
containing colonies of the mite placed in the folds of 
emerging leaves. The experiment was carried out 
twice; a total of 6 noninfested plants and 10 artifi- 
cially infested plants were used. Mites for infestation 
field-infested 


After 22 days, a large population of 


were obtained from plants and from 
stored garlic. 
mites developed and typical symptoms appeared on 
infested whereas noninfested 


the artificially plants, 


plants remained symptomless (Fig. 1). 

Sections made through infested leaves showed that 
the cells of the upper epidermis had been completely 
Routine electron micro- 


collapsed by the mite feeding 
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nade from crude preparations of ground leaves 


sraphs n 
Sead no differences between those from infested 
plants and those from noninfested plants. 
At the experiments. 
the plants were transferred to a lath house. When 
almost bulbs from the 


pots and the cloves were dissected out. disinfested in 


conclusion of the infestation 


mature. the were removed 


10 per cent Clorox, stored at 5°C, and planted the 


following field. The resulting plants 


showed none of the typical symptoms 


spring in the 
indicating that 
the original symptoms were the result of feeding by 
that 

Department of Plant Pathology, University of 


eriophyid mites and they were not of virus 


origin 


California. Berkeley 4, California. 


Virus in Israel.’ J. M. Watuace,? I. 
BenraL,® anp E. Winocour.® 


The Trist ofl 
ReicHert.® A, 
nection with investigations on the possible presence of 


In con- 


of citrus varieties estab- 
One 


tristeza in Israel, ¢ number 
lished from foreign importations were examined. 
particular variety, the Meyer lemon, was given special 
attention because it has consistently shown complete 
decline on rootstock in 
also been reported in the United States to be a carrie 
of the virus.4;° All the Meyer 
established in Israel single 
was imported in 1932 from California 
collected from 3 Meyer 
trees and grafted into the stems of decapitated Mexi 


sour orange Israel and has 


tristeza lemon trees 


derive from a budwood 
parent that 

scion twigs were lemon 
can lime seedlings that had been grown from seeds in 
the open. Two graft-inoculation methods were used: 
1) the side-graft technique used by the senior author® 
for transmission of citrus viruses and, 2) the bottle- 
graft described by Bennett and Costa.‘ After approxi 
mately 4 weeks. the newly developed leaves of the in 
light. 


cleared areas on some of the veins 


oculated seedlings, when viewed in transmitted 


showed distine tly 


Contribution No. 124, Agricultural Research Station, 
Rehovot, Israel. 

“Plant Pathologist, University of California Citrus Ex 
periment Station, Riverside, California, and Consultant, 
U.S.O.M./Israel, 1955. 


Head of Division of Plant Pathology and Pathologists, 
respectively, Agricultural Research Station, Rehovot, Israel. 
* Olson, E. O., and B. Sleeth. 1954. Tristeza virus cat 
ried by Meyer lemon trees in south Texas. Eighth 
Ann. Rio (,1 unde Valley Hort. Inst. Proc. 1954: 84-8 
Wallace, J. M., and R. J. Drake. 1955. Tristeza virus 


sore 


Q 
o 


in Meyer lemon. Calif. Citrog. 40(3) : 84, 95-96. 

® Wallace, J. M. 1951. Recent developments in studies 
of quick decline and related diseases. Phytopathology 41 
785 793 

7 Bennett, C. W., and A. S. Costa. 1949. Tristeza dis 
ase of citrus. Jour. Agr. Res. 78: 207-237. 
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rec, i; AD 


Young leaf 
vein-clearing symptom of tristeza; seedling had previously 
been grafted with scion wood from Meyer lemon. B) Symp- 
a nongrafted Mexican lime seedling. 


of Mexican lime seedling showing 


tomless leaf from 


With time the cleared increased in 


number and were distributed quite generally on both 
These symp- 


additional areas 
the main veins and the veinlets (Fig. 1). 
toms are identical with those described in the litera- 
ture as being typical of tristeza on this indicator plant. 

The results of the inoculation experiments were as 
total 
oculated, 28; number of 


Mexican lime seedlings in- 
graft 


follows: number of 


seedlings on which 
union was successful, 12: number of seedlings show- 


ing leaf symptoms, 12. No symptoms developed on 
seedlings maintained as controls. 
tristeza in Meyer 


know, the first experimental 


30 noninoculated 

This demonstration of lemons in 
Israel is, as far as we 
proof of the presence of the tristeza virus in the 
Mediterranean region. Other citrus varieties imported 
from countries where tristeza is present also may be 
Such suspected varieties in Israel are now 


Me ver 


destroved so as to 


infected. 
test. lemon trees existing in 


this 1 


So far, there is no indica- 


under The few 


Israel are being remove 
known source of infection. 
that 
orange or grapefruit on susceptible stocks, have be- 
Citrus Ex- 


A gricul- 


tion commercial citrus varieties, such as sweet 


infected.—University of California 
Station. 


tural Research Station, Rehovot. Israel. 


come 


periment Riverside, California, and 
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PHY TOPATHOLOGICAL SOCIETY 


THE | 


The American Phytopa ica Society held its 47th Policy Committee for Scientift {gricultural Societies, 
Annual Meeting on De r 27-30, 1955, at the Biltmore Carrot, E, Cox 
Hotel. Atlanta. Georgia i part of the 122nd Annual {merican Standards Association Sectional Committee on 
Meeting of the American Association for the Advancement Common Names for Pest Control Materials K62. 





of Science. Son 00 members were in attendance. The S. E. A. MceCatitan; W. D. McCrecran, alternate 
Council met on Dece er 27, 28, and 30, and Society 
Business meetings were | December 28 and 30. A total 4, 
of 185 formal papers of original research were presented Standing Committees: re 
- Hangame 1G pes . held a ie Coma Oeen, Donations and Legacies 
2) The Tobacco Pla Reet Maakciin Cam Car SO F. L. How ARD, ( hr.; PHares Decker, J. B. Kenprick, 
Informal Conferer lon 1) Nomenclature and a. Aven Ricn 
Classification of P es, 2) Extension Workers’ ——- R Th 
Breakfast, 3) Oak W 1) Tomato Diseases. 5) Teaching ARDEN SuHerr, Chr.: Gorpon Branpes, H. J. O'ReILtzy, | h 
aet Patalers 6) Stone Frait Viececs. 7) Seod Treat HakLAN SmitH, Eart Wape, J. C. Weis tin 
ments. Finances and Investments , : 
a "aoe Poe RON R. H. Wertman, Chr.; A. E. Dimonp, Savi Ricw (ex 
December 29. wit ' etal officio), W. H. Tispart 
. History of Plant Pathology the 
J. A. Srevenson, Chr.; J. Wacrer Henpeix, J. G. | a 
ORGANIZATIO r A iN PHYTOPATHOLOCICAI Leacu, E. L. LeCirerc, Kart MaramMoroscu ; En 
C Or6 International Cooperation an 
E. C. STaKMAN, Chr.; A. A. Brrancourt, G. H. Coons, J he: 
Council: Cartos Garces O., W. F. Hanna, J. G. Harrar, Lee | < 
Heven Hart, P1 nt, | ersity of Minnesota Linc, J. A. B. Nota, J. W. Oswacp, H. A. Ropen- | ol 
Georce Fiscui Pre | St ( ege of Wash HISER, J. A. STEVENSON, FREEMAN Wess, F. L. Ve 
ington WELLMAN Re 
James H, Jensen, Retii President, Iowa State College Phytopathological Classics i bit 
Pau R. Mu Vice President, U. S. Department of L. C. Knorr, Chr.; A. FRANK Ross (ex officio), J.C. J lr. 
A gricult Wacker, Paut H. Woorey 
GLENN S. Pi , Ss } yrs., expires 1956), Phytopathology News Sheet 
University of W K. W. Kreircow, Chr.; M. W. Cormack, Spencer H. | 
Saut Ricw. Treasurer a Business Manaser of Purro Davis, D. E. Extus, Saint Granam, Joun FL J 
PATHOLOGY 3 yrs.. expires 1958). Connecticut Agri- ScHAFER, L. O. WEAVER Re 
cultural Exper nt Station Placement | 
4 Faanx Ross. | Chief of PurropaTHo.ocy Earce Hanson, Chr.; W. E. Cooper, H. Rex Tuomas ' 
(3 vrs... expires 19 Cornell Un raity Public Relations ‘ 
W.C. Snyper. C t-Large (2 yrs., expires 1956). P. R. Mitrer, Chr.; G. H. Hertinc, Pavt HorrMman, 
Witwieaten of Cals , = H. Kinc, G. K. Parris, R. A. Younc, G. A. 
ENTMYER 
Se ae en Al { i — irge yrs., expires Regulatory Work and Foreign Plant Diseases Fx 
Om Mivesan 3 as ait Mabie. Bitte ty & J. G. Diexson, Chr.: E. C. Biopcert, E. G. Rex, G. L. ( 
aseitneae of Aas " Srot r, Ww. H. WHEELER, R. P. Wait ( 
H. R. Rex, Co f Northeastern Division, New ae shat 8 dicen ener ge ayer 2B , 
“Scertthg. ~~ Aanaeetemcegned ir ae tae ste ’ JOHN HARDISON, Chr.; C. H. Arnot, K. F. Baker, 
IR. ie a, ad ON a a Wayne Beever, L. C. Cocuran, J. T. Mippteton, J 


L'niversit 
Fart C. Brope 
( olleve of W 


W. H. WHEELER 


Special Committees: 


J. L. Atuison, ¢ ! r of Southern Division, North 
Carolina St ( Fungicide Colloquium 
L. G. Urrer, Chr.: Curt Lepen, Joun Rowert. D. L. 
Stopparp, D. F. Crossan, W. A. Kreutzer 
Representatives Industrial Relations 
1.4.4.8. Cour J. G. Horsrani yrs xpires Dec. E. E. Fetcutmeir, Chr.; C. J. Krister, J. S. Tipp, 
BT, 1957); | > M ) yrs., expires De 1, 1956) R. H. Wertman, S. G. Younxin, L. G. Utter 


t0.0. Je Ge DICKS rs., expires June 30. 1958) 


{d sory Committee on Vematology 
J. N. Sasser, Chr.; M. B. Linrorp, Harotp JENSEN, 


en. GC. Es ba E. L. LeCrere ternate W. J. Martin, J. A. Pinck arp 
Division of B {gr ture \ Research Vembership 

Council. S. J. P. CHitton } yrs., expires June 30, Paut R. Mirvter, Chr.;: Ropert Camprecr, R. G. 

1958) Grocan, D. J. Haceporxy, W. J. Hooker. ARTHUR Re 
Food Protection ¢ e, I ar Vutrit Board. Ke_Man, D. A. Roperts, J. R. SuHay, P. M. Sim- 

Vational Res ( . 2 € Dung MONDS, SAUL Ricu (ex officio) - 
Board of F f fy / ; rs \W ( Vome ncelature and Classification of Plar f Viruses 

Price (3 yrs x pir ) W. C. Price, Chr.; C. W. Bennerr, L. M. Buacx, L. C. 

{merican Type Culture ¢ ectior H. H. MeKinney: Cocuran, R. W. Furtoxn, H. H. MeKinney, F. P. 

J. W. Gerpemas McWuorter, E_tten Moreneap, T. E. RaAwtins, 
{ssociates | ( r Institute. G. B. Ramsey \. Frank Ross : 
Biological Stain ¢ n, Board of Trustees. G. H. Subcemmittee on Virus Type Culture Collection 


CONANT 


H. H. McKinney, Chr.: R 


\W ‘Futon, T. J. Grant 
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Publucation of Special Vaterial 
RusseELL STEVENS, Chr.; Georce Kent, J. R. SHAY 


Teaching of} Plant Pathology 


W. H. Braconier, Chr.; D. C. Anny, C. W. ELvett, 
R. J. Green, Jr., Ricuarp Kiestinc, Georce NYLAND, 
|. H. Owen 

l nlization of Plant Pathologists and Facilities in Na 
fii ai Emergencies 

H. H. TuHornperry, Chr.; A. L. ANnperson, H. T. 
Cook, M. F. Kernxamp, C. J. Kincsorver, J. G. 


Leacn, C. L. Leresvre, H. Rex THoomas 
Temporary Committees: 


Disseminating 


{dvisory Committee on Collecting and 
Vew Fungicide Data 
L. G. Urrer, Chr.; J. W. Heusercer, P. R. MILter, 
D. A. Roperts, R. H. We_t~mMan 
The (Committee on Plant Disease Prevention was discon 
tinued 
Reports OF OFFICERS 
Report of the Secretary. As of December 31, 1955, 


the American Phytopathological Society has 1735 members, 


including 119 Life Members, 18 Emeritus Members, 3 
Emeritus and Life Members, 13 Sustaining Associates, 
and 1582 Regular Members. Of the 1582 Regular Mem 
hers. 226 are New Member Applic ants of which 139 are 
students. Since our last meeting, word has been received 


ith of the following members or former members: 


Vera K. Charles, T. F. Manns, MeCullough, Donald 


ot the 


Lucia 


Reddick. Bjarne Dundas, H. B. Humphrey, W. A. McCub- 
bin. © .R. Orton, A. V. Osmun, C. O. Smith, and L. R. 
eho: 
€.4 y S&S. P ND. Secretary 
Report of the Treasurer. 
Bicstets 
Balance on hand, July 1. 1954 $ 8,771.83 
Membership dues 2,502.00 
Sales of Fungicide Data Sum 
naries 571.10 
Potal receipts $11,844.93 
Expenc res 
Office of the Secretary = 621.82 
Office of the Treasurer 242.60 
Expenses, Placement Committee 24.13 
Expenses, Annual Meeting 
(Estes Park) 879.18 
Expenses, Publication of Fungi- 
cide Data Summaries 932.76 
Expenses, Public Relations Com 
utter 239.00 
Dues, A.I.B.S,. 1.000.00 
Donat PHYTOPATHOLOGICAI 
CLASSICS 1.000.00 
Potal expenditures $ 4,535.49 
Ba hand, June 30, 1955 $ 7,309.44 
Sau. Ricn, Treasurer 
Report of the Business Manager for Phytopathol- 


ogy. 


Balance on hand, June 30, 1954 $16.882.54 
Subserip ions and Member 

Subscriptions 22,955.94 
Advertisements 1.195.88 
Sales of back issues 1,316.95 
Reprints and excess illustrations 6,077.09 
Sustaining Associate Memberships 1,300.00 
Donation. Rockefeller Institute 600.00 
Interest on investments 866.95 


REPORT 


Sales of investments 3.889.80 


Total rece ipts 


I rpe nditures 


Manufacture and distribution of 
PHYTOPATHOLOGY $17,936.88 
Cost of reprints 2,225.89 
Office of the Business Manager 1,084.58 
Office of the Editor-in-Chief 3,314.07 
Office of the Advertising Manager 190.16 
Cost of new investments 93.954.81 
Collector of Internal Revenue 728.35 
Refunds 113.20 
Miscellaneous 13.92 


lotal expenditures 


349 


$63,085.15 


$ 


19,861.86 


$13,223.29 


Palence on hand, June 30, 1955 
Sau. Ricu, Business Manager 
INVESTED FUNDS OF THE AMERICAN 


PHYTOPATHOLOGICAL SOCIETY 


AND PHYTOPATHOLOGY 


Amounts as of June 30, 1954. Dividends and Interest 
for Fiscal Year, July 1, 1954-June 30, 1955 
“inking Fund: 
| S. Savings Bonds, Series G (2%%) 

(Interest $25.00) $ 1,000.00 
U. S. Savings Bonds, Series F (at maturity) 1,150.00 
Northwestern Fed. Sav. & Loan Ass'n. 

(certificate) (Div.—-$95.00) 2,000.00 
Family Finance Corp., common, 7 sh at pat 

( Div. —$12.25) 7.00 
Westinghouse Electric Co., 22 sh at cost 

(Div. $55.00) 849.08 
Standard Oil of Ohio, common, 50 sh at cost 

( Div.—$124.65) 2,018.65 
American Cyanamid Co., common, 40 sh at 

cost (Div.—$80.00) 2,160.47 
Johns-Manville Corp., common, 25 sh at cost 

( Div.—$106.25) 1,664.27 
New Haven Savings Bank, on deposit 

(Interest—$4.84) 193.23 

Total $11,042.70 

Lyman Memorial Fund: 
Westinghouse Electric Co., common, 35 sh at 

cost (Div. $87.50) ~. 1,350.81 
Am. Tel. & Tel.. common, 16 sh at cos 

( Div.— $144.00) 2,490.47 

Total $ 3,841.28 

Phytopathology Contingency Fund: 
Johns Manville ( orp., common, 7 sh at cost 

(Div $29.75) $s 166.00 
Arlington & Fairfax Sav. & Loan Ass'n 


oO 


(Interest-—$278.30) 
Prudential Bldg. Ass'n. (Interest $106.55) 


Arundel Fed. Sav. & Loan Ass'n. 
(Interest-—-$302.70) 

Southern Fed. Sav. & Loan Ass’n. 
(Interest-—$295.00) 

Decatur Fed. Sav. & Loan Ass‘n. 


(Interest 


$216.24) 


Fidelity Fed. Sav. & Loan Ass’n. 
(Interest-—$196.60) 

Southwest Sav. & Loan Ass'n. 
(Interest-—$122.50) 

Lawn Sav. & Loan Ass’n. (Interest—$280.00) 


7,041.62 
6,060.20 


7,980.79 


501.14 


7,696.57 


7,153.28 


7,000.00 
8,000.00 
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$59.899.60 
Wanager 


Report of the Auditing Committee. On August 8, 


1955. the undersigne examined the books of the American 
Phytopathological S nd of PHYTOPATHOLOGY cover- 
ing the period Ju y 4 June 0, 1955. All receipts, 
expenditures ind rund re found to be accurately 
recorded and in ordet 


\. W. FELDMAN 
P. J. ANDERSON 
J Mo Tipp 


Report of the Advertising Manager. From October, 


1954, through Septembe ) there were 86.5 advertising 
pages with 102 paying ertisements The gross income 
was $4,045.65, with a ines f § ) | after agency 
commissions and cash d ints were deducted. Expenses 
of the advertising i I ere postage ind te egraph 
charges tf $45.39 a1 Ss 0 tor ste grapni issistance, 
The commission to t i sing manager! imounted to 
$325.33. maki! t St ) in expe t 
Total income to . y is $3,310.62 
( \ {dive g Manager 


Report of the Business Manager of Phytopatho- 


logical Classics. || copies of Phytopatholog- 
ical Classics sold ! t fiscal year, Julv 1, 1954, to 
June 30, 1955 is neg i total value f Blioso: 
Number of is ne 0) 1955 No 1. 5OO: 
No. 2, 524: N N | 10): No. 5, 338: No. 6, 392; 
No. Re 535 Ni } \ ; } 
> r 
Receipts 
Cash balance o1 94 & 806.96 
R 1 clurir { ' 95] 
received itl ¢ . | : 
From sale of ¢ =s 
()riginals Ss iYU00 
Reprints 1.50 
On ace ints a 
Originals 21.75 
Overpayment rn QO.00 
From sr) . r reé 
No. 1 and 1 OOO 00 
< () §1.909.7]1 


Dishurse ment 


Postage $ 0.50 
Cost ot rep! niin { . 
No l if 2.92 
Cash balance on Jur } 1516.69 $1,909.71 
Due on accounts June ( 
Present fiscal 
Originals bs oo 
Reprints y Be 
Previous fisea 
Originals 25.50 
Total due or $ 61.25 
Cart. W. Bootruroyp, Business Manager 


Report of the Editor of Phiytopathological Classics. 


The last number publis! n the PHYTOPATHOLOGICATI 
CLAssics series was Tozzetti’s “True nature, causes, and 
sad effects of the rust e bunt. the smut, and other 
maladies of wheat and of oats in the field.” Since issuance 
of PC 9 in 1952. plans for the next issue have been held in 
abeyance pending accumulation of funds from sales of 


previous numbers. Adequate financing now appears assured 


for the printing of Pt 
Consideration is being given, in the planning of PC 10, 


Ainsworth, who suggests 


to a proposal made Dv Dr. ¢ ( 





LVol. 46 


that the centenary of the death of Agostini Bassi be cele. 
brated by publishing in English his 2 classic papers in 
early microbiology, “Del mal del signo,” 1835 and 1836, 
Other suggestions for titles in the PC series continue to be 
welcomed, 


L. C. Knorr, Editor 


Report of the Editor-in-Chief. Thanks to the excel. 
lent planning and direction of the retiring Editor-in-Chief, 
Dr. W. C. Price, the editorship was made 
eradually and smoothly, with a minimum of confusion. | 
am very grateful to Dr. Price for his help, which began 
several months prior to January 1, 1955, and continued for 
several months afterward. 


change in 


Subsequent to the period covered by the 1954 report, 
PHyYTOPATHOLOGY has published 2 articles intended as aids 
in the preparation and editing of papers for PHYTOPATHOL. 
ocy. Dr. Price’s article on preparing manuscripts, which 
appe ired in the Decembe r issue of Volume 14, has had a 
salutary effect. Many submitted manuscripts 
bear unmistakable evidence of the authors’ close attention 
the information contained in this article. It is unfor- 
unate that this is not true for all manuscripts. Failure 
editing of 
thereby delaying publication; results in an exces- 
alteration and markings for the printer, 
increasing the number of printing errors: and 
increases the amount of editing, thereby increasing the 
cost to the Society. The article by S. E. A. MeCallan, L. P. 
Miller, and Mary A. Magill on active ingredients of fungi- 
cides, which appeared in the June issue of Volume 45, 
much to correct the confusion and inaccuracies 
existed in trade-named fungicides. 
Authors are urged to make use of the information provided 


noticeably 
to make use of this information slows down the 
papers, 
sive amount of 
thereby 


las done 


tl it have reports on 


ind to follow the exact spellings listed in this article. 
The Council authorized printing of a good supply of 
reprints of both of these articles. These reprints are 


ivailable from the 

Editor-in-Chief. 
Material 

December 


authors or from the office of the 


published in the October, November, and 
Volume 44, which could not be in- 
cluded in the 1954 report of the Editor-in-Chief, consisted 
of 172 pages of technical material, 142 pages of News, 
22). pages of advertising matter, a 27-page index, and a 
list of errata. Included in the technical material were 36 
6 Phytopathological Notes, Dr. Price’s article on 
preparing manuscripts, | note for the Interdepartmental 
Committee on Pest Control, and the Report of the 46th 
Annual Meeting of the 


Volume 45 technical material, 
6 pages of News, 94 pages of advertising matter, a 16-page 
index, and a list of errata. The technical material is 
comprised — of 28 articles: 6 symposium papers; the 
article by MeCallan, Miller, and Magill on active ingredi- 
nts of 33 Phytopathological Notes: 6 obitu- 
iries; the report and 22 abstracts for the tenth annual 
meeting of the Northeastern report and 3] 
abstracts for the annual meeting of the Southern Division; 
the report and 18 abstracts for the twelfth annual meeting 
f the Potomac Division: 1 notice for the Chemical-Bio- 
logical Coordination Center; 1 note for the Special Com- 
mittee on Fungicide Nomenclature: 1 notice for the 
Society concerning the forty-seventh annual meeting: and 

book listings. On November 


issues of 


articles, 
society. 


contains 696 pages of 


fungicides: 


Division: the 


29, the January issue was 
ready for printing, and 98 manuscripts were in the process 
of being edited. Of these, 13 were in the hands of re- 
viewers, 4 were being edited in this office, 27 had been 
returned to authors for revision, 31 were at the printer's 
ind 23 were in galley proof. From October 1, 1954, to 
November 29, 1955, a total of 20 manuscripts were rejected 
by the editors or withdrawn by the authors. 


I am pleased to acknowledge the continuing financial 


assistance of the Rockefeller Institute for Medical Research 
Sustaining Associates of the I wish 


and oft the Sor iety. 
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my appreciation to Mr. John Ferguson, 3rd, and 
Monumental Printing Company for their excel- 
Editors and 


to express 
staff of the 


inship and cooperation, to the 





lent craftn 
{csociate Editors for their very fine reviews, to the Busi 
ness Manager and other ofhcers of the Society tor their 


ox for the 
contributing 
work—and 


infailing cooperativeness, to Mrs. Carroll E. 
apable indexing of Volume 45, and to all 
suthors for the generally high quality of their 
for their forbearance with a new editor. 


\. I Ross, } tor-in-( hiet 


Report of the Editor of News. During 1955, a half 
number ot the 


published in eacl 
reached the editor’s desk in sufhcient 
previously re 


page ot news was 
Journal. Items have 
volume to reduce the amount of soliciting 


institutions 


quired. However, there are still a number of 
where members are either reticent to supply items ofl 
interest concerning themselves, or their colleagues are 
negligent in this respect. The Editor has requested certain 
ndividuals at several such institutions t act as unofhcial 
reporters and send in items that might Db ft interest to 
he membership of the Society. It is hoped that this will 
prove both the quality and quantity f news items 
published ir the future. After 7 years of handling the 
news section himself, your Editor feels that this section 
t the Journa has hecome establis} i ind that some 
nought she 1 be given to perpetuating it in the event 
invthing | ippe ed to the Editor. Perhaps the Editorship 
of the news section could be handled within the framework 
f a committee such as the Publicity Committee. By such 
1 pr é ire =u h responsibility ror | itors| ip if the 
news section could be assigned without too much disrup 
‘ should the need or desire arise. 


K. W. Ki 


ETLOW, Edite 


REPORTS OF STANDING COMMITTEES 


Report of the Committee on Donations and Lega- 


cies. After considering the merits of each request fo 
gratuitous subscription to PHYTOPATHOLOGY, the Commti! 
tee re nends continuation in 1956 of 7 of the 10 sul 
scriptions that were in force in 1955, and the approval of 
2 new requests. The names of the recipients recommended 
ure 1) The American Institute of Biological Sciences, 


the Managing Editor, AIBS Bulletin, Washington 3. BD. t..: 
Tecnica, Dr. A. 

Plaza de la Ciudadela 6, Mexico, 
William B. Brierley, University of Reading, Read- 

ing. England: 4) K. Minev, Plant Pathology Department, 
t ilture, Skopje, Macedonia, Yugoslavia; 5) 
H. Pape. Institut for Getreide, Olfrucht and Futterpflanzen 


I Documentacion Cientifica y 
Perez, Vitoria, Director, 


Schlosskoppelweg 8, Kitzeberg bei Kiel, Germany; 
6) Jaroslay Peklo, Chodska 311, Prag XII, Czechoslo 
kia; 7 J. A. Sarejanni, Phytopathologique Banaki, 


ns, Greece: 8) Permanent Exhibit at the Rectorate, 
Prof. Dipl. Ing. Alfred Heim, Secretary of the Committees 
University of Zagreb, Marshall Tito Square 3—Postbox 89, 
Zagre Yugoslavia: 9) the Je wis! National and Universi 
Library vi Jerusale 
I 


905, 


Director, P. O. Box 


Lee M. Hutcuins, Chairman 


Report of the Committee on Finances and Invest- 


ents. Our total invested funds of $74,783.58 earned 
$2,562.13, a vield of 3.4 per cent. 

Cor stock holdings which originally cost $10,099.75 
returned $627.15, a yield of 5.7 per cent. The value of our 
stock s I losing on 9/19/55 was $14,338.65. We boug! t 
no 1 stock this year 


accounts total 


Loan 


Our federally insured Savings and 
and interest from these accounts 


Dividends 
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The following 3 per cent S & L accounts were closed: 


Perpetual ($1,465.01), District ($2,192.41) and Jefferson 
($732.38). The following withdrawals were made from 
accounts which approached the $10,000 insured limit: 
$1,500 from Arundel, and $3,000 from Arlington-Fairfax. 


All account closures and withdrawals were made at the 
close of the interest period ending 12/31/54. The follow- 
made in S & L accounts at the start 
which began 1/1/55: $4,454.81 in 
Decatur and $3,000 in Fidelity. 


accounts ope ned this past fiscal year 


ing deposits were 
of the interest 
Prudential, $1,500 in 
The 2 new S & | 


pt riod 


are $7,000 (on 1/3/55) in Southwest and $8,000 in Lawn 
on 7/7/54. No interest was lost in any of these trans- 
actions. All our S & L accounts are currently paying 3 
per cent except for Northwestern Federal, which pays 


»- 


oo) per cent. 
Savings 
( orpora 


Bank 


invested funds are in U,. S. 
shares of Family Finance 


New Haven 


The balance oft our 
Bonds ($2,150), in 
tion, and on deposit in the 
$193.23 as of 6 5 


Savings 
50/55). 

The Society is in a tax category which allows a $1,000 
exemption for unrelated business income. Any amount in 
$1,000 (up to $25,000) is taxed 30 per cent. 
Last year, a 9-month return was filed (10/1/53 to 6/30/54) 
in order to make our tax year coincide with our fiscal year. 
For the 9-month period we payed an income tax of $61.97. 
For the obliged 


Oo pay 


excess of 


fiscal year ending 6/30/55, we will be 
$4168.64. 
Further details are in the Chairman’s hands and will be 
furnished on request 

R. H. Weti_mMan 


Chairman 


Report of the Committee on International Cooper- 
ation. The Committee has not met past year, 
t have met incidentally 
problems and 


during the 
several Committee members 
from time to time and have discussed 


prospects. 
ommittee have 
ernational cooperation in various 
partly in their official capacity and partly because of their 


membership. 


several of the individual members of the ¢ 


ped promote int ways, 
committee 

The chairman of the Committee has tried to ascertain 
ne sentiment ofl various Committee members on an 
basis and, as chairman, has promoted certain 


‘ 


name of the Committee. 


pportunists 
activities in the 
nterest in 
with the disease and pest reporting 


Special attempt has been made to stimulate 

ind cooperation service 
Food and Agriculture Organization. 
One of the Committee members, K. Starr Chester, as a 
nember of the International Commission on Plant Disease 
Losses, has been stimulating the work 
on plant disease appraisal, which is carried on principally 
by = Secretary of the Commission. 

Other Committee members, such as H. A. Rodenhiser, 
J. G. Harrar, and G. H. Coons, have helped arrange for 
ternational cooperation in exchange of information and 
materials in fields, especially in the Western 
Hemisphere. The international wheat rust nurseries, as 
in example, which are 
Dr. Rodenhiser and Rockefeller Foundation 
is collaborating highly in a resolution 
adopted by the II] Reunion Latinoamericana de Fitogenet- 
istas, Fitopatologos, Entomologos y Edafologos. 

At the III Reunion, Committee members J. G. Harra, 
H. A. Rodenhiser, and E, C. Stakman present, 
participated in the discussions, and helped the phytopath- 
ological plans for cooperation on plant 
pathological problems in Latin America, particularly the 
cooperative testing for varietal resistance to certain diseases 
of the most important crop plants and cooperative tests on 
fungicides, and on various other problems which are 
regional in nature. 

Virtually all active in 
helping people from many other countries obtain materials 


ind literature on special subjects and tried to help people 


nstrumental in 


Large, as 


in 
special 


under the general supervision of 
in which the 


w ere commended 


were 


section make 


members of the Committee were 
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with similar probie sil rious intries communicate 
with each other. 

The idea of regional t ind meetings was pI ymoted 
as much is possil e. alin fa VS. howeve! on an oppor- 
tunistic basis. 

Recommendations 
The consensus of the ( ittee is that effort should be 


concentrated on the activities for 1956: 


1) Continued and improved cooperation with the disease 
and pest reporting service f the FAO Dr Ling) 

2) ( oopel ition will I Inte rnational (Lommission on 
Plant Disease Losses 

>) Cooperation witl he Comite Fitopathologico Latin 


Americano de Cooperacion, which was organized at the III 


Reunion in Colombia dur June, 1955. The organization 
of this committee is ive below. 
Chairmar }. A. B. No Mayaguez, Puerto Rico 
Sub-committee for Ty al Crops. Ri irdo (¢ ardenosa, 
Palmira, ¢ i i in): Rodrigo Orellana, 
lurrialba, ( 1 Ri Karl Silberschmidt, Sao Paulo, 


Brazil 
Sub-committee for Ter ¢ ile Zi e Crops Jose Vallega, 
John Niederhauser, 


Castelar, Argentina hairmat 
Oficina de Estudios Especiales (RF). Mexico; H. A. 
Rodenhiser. | S. Department of Agriculture 
Special {dviser to the Committee Lee Ling, FAO, Rome 
General Adviser to the Committee Ek. C. Stakman, Uni 
versity of Minn ta and the Rockefeller Foundation 
H. A. Rodenhiser, Le: I and | (.. Stakman are 
members of the APS Co ee on International Coopera 


tion and were request liber and as advisers, 


respectively, to the | it omite, This should 
provide for coordinatior ween the activities of the 2 
committees and should i possible to obtain more con 
crete results. It is reco ended that the chairman of the 
committee, J. A. B. Nolla ppointed a member of the 
APS Committee o1 Internatior ( operation in order to 
bring about even « ser ooperation 

1) The question of ‘ inge f publications will be 
studied by the committee luril the ensuing year. 

5) The Committe ils look tor opportunities to 
cooperate closely vitl certain ther organizations, such 
as the European Plant Protection Organization and the 


Agro 


governments 


Sanidad 


formed by the 


ganismo Internas 1 Regional de 


(OIRSA), vhi 


new Oh 
pecuaria 


of Mexico, Costa Rica, El Salvador, Nicaragua, Honduras, 
Panama, and Guatemala for the purpose of undertaking 
and coordinat ng invest itions and the control operations 
in the field of plant prot n as well as animal health. 


Specifr Recon mer (fl 


1) {pproval of Progran It is recommended that the 
program outlined above | pproved, with anv additional 
mandates or suggestions that the Council may wish to give 
the Committee 

2) Committee Men | s recommended that the 
present members of the Cor ittee be reappointed, as 
continuity is desirable, ar that J. A. B. Nolla be added. 
for reasons given previo 

KE. C. STAKMA Cc} 
Report of the Placement Committee. During 1955, 


pathologists have had their applications in the 
Place Request from 


tor pplicants to fill 33 


51 plant 
active files of the 


(ommiutter 
emplovers 


prospective positions 


have been received. One ndred seven applications have 
been sent out to 2 mplovers 
Incomplete records show that it least 4 plant patholo 
gists have obtained positions urin 1955 through = the 
efforts of the Committee 
kpwin E. Honey, Chairman 


Report of the Committee on Public Relations. Th: 
work of this Committee continued 


ilong the lines initiated 
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last year, namely that of publicizing some of the outstand. 
ing plant papers. Eighteen articles have 
been prepared and published in the major farm magazines, 
THe Farm JourNnaL, AcricuULTURAL LEADERS 
AGRICULTURAL CHEMICALS, SUCCESSFUL FARMING, 
and THe AMERICAN NURSERYMAN. In addition to the above 
mentioned articles, our writer, Robert Rathbone, has made 
possible the presentation of certain phases of our patho- 
logical activities through official channels. Press releases 
covering about 25 papers that seem to have publicity value 
will be issued at the time of their presentation at Atlanta, 
Excellent coverage of material published in PHYTOPATHOL. 
ocyY has resulted through the courtesy of the Editor, who 
has made galleys available 2 months prior to publication. 
The effectiveness of our program would be materially 
enhanced if more of our Society members would participate 
by submitting copies of their articles to us when they are 
timing is an important fae- 


disease research 


including 
DIGEST, 


accepted for publication, sine 
tor in public relations work. 


Paut R. Miniter, Chairman 


Report of the Committee on Plant Disease Preven- 
tion. The Committee, in its report last year, referred to 
growing international concern over the spread of plant 
pathogens to and between Pacific Islands. A conference 
on the subject was held at Singapore on December 13-17, 
1954, under the auspices of FAO. A proposed agreement 
was drafted under which the countries of Southeast Asia 
and the islands of the Southwest Pacific will adopt uniform 
regulations to govern the movement of plant material from 
tropical America; especially rubber plants to prevent the 
introduction of the South American leaf blight. The pro- 
posed agreement is now under consideration by the Coun- 
cil of FAO, prior to being submitted to the vovernments 
concerned for signing and ratification. 

Meanwhile, under FAO leadership, the governments of 
Central America and Mexico have formed an organization 
(“OIRSA”) directed toward the improvement of plant pro- 
tection measures in that region. 


On the home front it may be of interest to note that 
buckthorn has, at long last, been added to the noxious 


weeds listed by the lowa weed law. 
E. B. Lampert, Chairman 


Report of the Committee on Regulatory Work and 
Foreign Plant Diseases. The Committee members 
present at the 46th annual meeting held an informal meet- 
ing at Estes Park, Colorado, August 27, 1954. A special 
meeting of the Committee was held in Washington, D. C., 
January 28, 1955, in conjunction with federal regulatory 
officials of the United States Department of Agriculture 
and representatives from the Society of Industrial Micro- 

Proposed legislation pertaining to plant quar- 
antine, financial support for activating virus indexing, and 
other matters were considered. Dr. R. P. White was ab- 
sent; all other Committee members were present. ( Travel 
expenses of Committee members were paid by other agen- 
cies or personally by the members.) Minutes of the Com- 
mittee deliberations are on file with the chairman. 

The following resolutions were submitted to the Council, 
American Phytopathological Society, for consideration and 
iction following the Washington meeting. 

I. RESOLUTION PERTAINING TO AMENDMENT OF 

acT 1905 

“Resolved that the committee approve the proposed 

(Amendment to the Insect Pest Act of 1905 in principle 

and recommend that consideration be given by the ad- 

ministrators of the Crops Regulatory Programs to a state- 
ment of the method of operating under this act in the 

Department of Agriculture whereby matters of contro- 

versy may be referred to technical. including research, 

experts in the field before a final decision is made.” 

Il. RESOLUTION RECOMMENDING THE APPROPRIATION OF 

FUNDS TO CONDUCT THE INDEXING FOR VIRUS DISEASES OF 

FRUIT PLANTS ON AN ADEQUATE BASIS 


biologists, 


CROP PEST 
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Whereas, the Interregional Technical Committee for 
Stone Fruit Virus Research recommended the establish- 
ment of an indexing for viruses of stone fruit trees im 
ported for experimental use, 
ind whereas, the American Phytopathological Society 
approved the following resolution at their annual busi- 
ness meeting and transmitted a copy of the resolution to 
the regulatory and fruit research officials of the United 
States Department of Agriculture: 
“Phereas, the procedure of visual inspection Is now 
considered inadequate for protection from viruses in 
plant materials, it is suggested that modifications be 
made to give greater safeguards and more expeditious 
handling. 
“For tree fruits, it is well known that indexing pro 
cedure is necessary tor detection of many viruses and 
is better by far than is visual inspection. Therefore, 
iggested that index procedure be instituted for 
all fruit plant materials being introduced and propa- 
gated at the Glendale isolation station or any sub 
stations thereof before they are placed in use. For 
example, for stone fruit materials, if the plants are 
indexed on appropriate hosts, as listed by the Inter 
regional Subcommittee on ‘Host Range Studies on 
Virus Diseases of Stone Fruits,’ it would be considered 
that adequate precautions will have been taken.” 


tf mm st 


{nd whereas, there is need of a pathologist trained in 
the field of plant viruses to put the indexing program 
into full effect, 

Therefore, the Council of the American Phytopatholog 
cal Society recommends the appropriation of new monies 


bv the Congress to make possible the appointment ot a 
plant pathologist to conduct this regulatory work of 
indexing and in addition to conduct research on methods 


of indexing other groups of plants imported for research 

purposes. 

The in portance of the indexing is set forth in the original 
resolution. 

The Council approved these resolutions by a majority 
vote and the proper officials were notified by the Secretary. 
The committee chairman also notified the chairman of sp 
clal committees appointed by the Mycological Society of 
America and the Society of Industrial Mvycologists on the 
action taken by the Council of the Society regarding the 
amendment of the Insect Pest Act of 1905 (Resolution I. 
above). 

The amendment to the Insect Pest Act of 1905 to include 
plant pathogens will be before the Congress probably in 


the 1956 spring session. 

The committee has recommended that the Regulatory 
officials prepare a suitable digest of the legislation, includ- 
ing instructions on operation in conformity with the legis 
lation, for circulation and publication after the amendment 


has been enacted 


The plant pathologist to assist in virus indexing is in 


the process of being employed, 

The committee presents the follow ng resolution to the 
Council as a memorandum of instruction and as a defini 
tion of committee responsibility; first to the American 
Phytopathological Society and second to the Regulatory 
agencies of the federal government and states. The com 
mittee recommends approval of the resolution in its present 
form or as it may be modified by the action of the Council 
to define more clearly committee responsibilities and com 


mittee procedures, 


Ill RESOLUTION DEFINING rH! RESPONSIBILITIES FUNC- 
TONS, AND PROCEDURES OF THE COMMITTEE ON REGULA- 
TORY WORK AND FOREIGN PLANT DISEASES OF THEI AMERI 
CAN PHYTOPATHOLOGICAL SOCIETY 


i ereas, the committee was established at the request 


of Regulatory officials of the United States Department 


} 
o2riculture, 


fy Whereas, no official action of the American Phyto- 


pathological Society defining and instructing said com 
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mittee can be found in the official minutes and actions 
of the So iety, 

{nd Whereas, said committee has been and now is serv- 
ing as an advisory body to the federal and state agencies 
enforcing regulatory legislation pertaining to plant 
phytopathological problems and frequently must define 
principles and advise on policies, 

Therefore, the committee respectfully requests the Coun- 
cil of the American Phytopathological Society to define 
responsibilities and approve methods of procedure of 
said committee as outlined or as modified by Council 
and Society action. 

1) The Committee on Regulatory Work and Foreign 
Plant Diseases shall represent the American Phyto- 
pathological Society in an advisory capacity on inter- 
national, national, and state problems and policies per- 
taining to the regulatory aspects of plant disease 
problems. 

2) The Committee is authorized to receive, to discuss, 
to advise on, and to formulate tentatively opinions and 
policies pertaining to plant disease regulatory problems, 
including matters related to the introduction or importa- 
tion of foreign plant materials and plant disease material 
and pathogens, the interstate movement of such materials 
and pathogens, and regulatory policies and decisions per 
taining thereto. The Committee shall furnish data, infor- 
mation, technical advice, and their counsel and study of 
such matters. 

3) In performing the above-mentioned functions for 
the Society, it is specifically understood (a) that the 
committee shall serve as an advisory and fact-finding 
body on technical problems in plant pathology, such 
advice and information to be given direct to the Crops 
Regulatory Programs of the United States Department 
of Agriculture and to States, Commonwealths and Terri- 
tories; (b) that the committee is responsible directly 
to the Council of the Society and that the committee 
shall transmit all recommendations involving national 
policy to the Council for approval; (c) that the com- 
mittee action on policy matters is not to be construed as 
official by any agency; and (d) the Council of A.P.S. 
hereby assigns to the committee the responsibility of 
distinguishing between requests for information and 
requests for advice on matters pertaining to policy. 

James G. Dickson, Chairman 


Report of the Committee on Seed and Plant 
Material Certification. The program of this committee, 
described in a previous progress report (P.D.R. 38 (7): 
921-528, 1954), had to be modified owing to lack of 
response to the national request for information from 
pathologists. In lieu of general participation and assist- 
ance, the problems are being studied by the subcommittees 
under guidance of the chairmen who are in turn members 
if this parent committee. Studies in progress in 1955 were 
concerned with analyses of seed-borne diseases and 
pathological standards in forage crops, vegetables, cereals, 
southern crops, stone fruit crops, and ornamentals. High 
lights of this years work are 1) near-completion of a 
comprehensive report on development and production of 
pathogen-free propagative material for certain ornamental 
plants; 2) progress in development of techniques for 
detection of loose smut infection in wheat seed: 3) 
organization of a project for assembling, maintaining, and 
dispersing of stone fruit stocks free of virus diseases; and 
1) intensive study of pathological standards in several 
southern crops, particularly sweet potato. Close contact 
is being maintained with the Committee on Pathological 
Standards of the International Crop Improvement Associa 
tion, and results of our studies will be submitted to that 
organization as soon as available. 

Joun R. Harptson, Chairman 


Report of the Committee on History of Plant 
Pathology. This Committee completes its first year of 
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activity at this 1 a was to hat $100.00 be granted to the Division of Biology 
“collect and f I il significance t ind iculture, NR¢ — help detray expenses ot publi- 
profession of plant | irry it this plan, ition and free distribution to High Schools and Junior 
a file has been s l Nation ngus iit mn i of the “*¢ areer Booklet in Biology.” 
at the Plant Indust } ville, Maryland, to at $500.00 be granted to the American Type Cul- 
receive all pertinent vecomes a ture Collection to help defray expenses connected with 
brief note req l ria ippeared “ roduction of their new catalog. 
Notes” in Phytopa hensi ! 3) That the sum of $1,735.00 be contributed to the 
in | Octobe ss e Plant Diseas Leporte AIBS instead of the $1,000.00 required in order to assist 

Dr. LeClerg, who re for action in in additional services by AIBs. 
this field, has d t t e had collected. 1) That the $1,500.00 allocation granted to the Public 
Dr. Max Gardner | : s plannes Relations Committee for each of the past 2 years be 
to add pertinet! terial | papers ol lear, renewed and placed on a continuing basis to be reviewed 
a founding met ! " 
Curtis May has ma wiety records which he ) hat Committee on Publication of Special 
had accumulate iss tary and v 1 Material consider the publication of a series of monographs 
included the re if important diseases, to choose an author or authors and 
Maramorosch, ( itte n due subject or subjects, and be authorized to mention to a 
time to provide f s of his phot I rospective author a figure up to $2,000.00 as a Grant-in- 
of the Society \ part \ d and to report back to the Council any specifi proposal 
past officers, w vit] ; anvthing of proposals for final clearance. 

l 

This collection ( : effect, tl 11 the Society's 50th Anniversary in 1958. 
Archives of the m he Phytopathology News Sheet be prepared 
for the historiar to prepare a DY 3 tanding Committee to be appointed by the Council 


possible interest rat $7,500.00 be set up as a fund for use in obser- 


ol phytopat I rt wl ind to be composed of a Chairman, who will also serve 
(mericat Phytopath ) is Na 1 wl n. is Editor, and 1 member from each of the 5 Divisions of 
the Society and | from Canada. The Committee is 
iorized to increase its space use In Phytopathology to 
heet as needed. Members of the Committee are 

Report of the Committee on Resolutions. 


resolved that tl Amer opatho Societ n hat all activities of Phytopathological Cl 


lassics be 
solemn assembly at 1 : eting a tlanta. nbir Single Standing Committee. Members of 
Georgia. on De ‘ | el \ h ( nitt are listed above 
heartfelt thanks 1 tt n | rral In mmemoration of the 200th Anniversary of the 
ments (Julia \I ’ vito! birth of Prévost the following resolution was unanimously 
Bovle. \ 
formance, : e office oil hei IN COMMEMORATION: ISAAC-BENEDICT PREVOS1 
hores } tt I il n 1755-1819 
ol . the vear 1955 marks the 200th anniversary of 
i nos t thie er! birt! f Isaac-Bénédict Prévost, and 
I t his discovery of the immediate cause and 
prevention of the bunt disease of wheat gave to 
key to understanding the causation and the 
infectious diseases, and 
this discovery ranks higl 
iwances In scrence, 
be it resolved 
American Phytopathological Society express its 
Report of Elections and Appointments. 0 if nse of appreciation o > selfless devotion and the 


mittee was app naking contribution o his modest man who was 


for the el - I : t ‘ ere lene n his lifetime the appreciation that he so richly 

declared elected: | I ' \ | ' j leserved, and 

President, 1 uN hat a biographical sketch of Prévost and an evaluation 

MeCallan. memoir on bunt be published in Phytopathology. 
Upon re 

proved the DT 


term, beginnins nua is t irer 0 Future Meetings. The annual meeting in 1956 will 
Society and Business M ytopathe ( be at the Netherland Plaza Hotel, Cincinnati, Ohio, on 
Holmes as Editor rt ; . ecember 6, 7, 8 in conjunction with the Annual Meeting 


Knorr, and Roder ss t litors he American Potato Association. 


Phytopathology, ea I te! [ nil nual | annual meeting in 1957 will be held at Stanford 

1, 1956. ity, Palo Alto, California, in early September in 
Representative : e were mnjunction with the meetings of the AIBS 

appointed and appt » annual meeting in 1958 is tentatively scheduled to 
The Society app it ( be held the University of Indiana. Bloomington, Indiana, 


follows n conjyuncti vith the meetings of the AIBS. 





